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All the right tools in your hand. 



WaveJet® Oscilloscopes 





FROM 

$2,950 



Slope 




More tools. Better tools. The right tools. 



The right tools make debugging 
faster and easier. The WaveJet 300 
Series provides nnore tools and greater 
perfornnance than other connpact 
oscilloscopes in the 100 MHz 
to 500 MHz range. 



• Long Memory: 500 k/ch 

• Large 7.5" Color Display 

• Compact Size, only 4" Deep 



www.lecroy.com 1 -SOO-S-LeCroy 



' USB Connectivity 
► Replay History Mode 
' Frequency Counter 
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*New product added daily. 
© 2008 Digi-Key Corporation 



World's Smallest Battery Charger! 



Performance and Programmability in Tiny Pacl^age 
500mA Ciiarging Current - Ideal for Bluetooth™ Devices 



+4.35V to +6.5V 
(+10V Tolerance) 
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SMB1 39/239 

IN OUT p 

IVDDCAP BATtQ 



Up to 500mA 
Programmable 
Charge Current 



I2C 
(Optional 
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THERM 
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STAT Q 



Shrink Solution Size by 
65% vs. Existing Chargers 



21.6mm2 
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SMB139/239 
Applications 

• Bluetooth™ phone headsets 

• Bluetooth™ stereo headphones 

> Ultra-thin phones/media players 

• Wristwatch GPS/MP3 

> Sports/wearable electronics 

• Portable biometric monitors 
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Summit's Family of Programmable Battery Chargers The 
Ideal Solution for Your Portable Application 





SMB137 


SMB138 


SMB135/235 


SMB1 39/239 


Topology 


Switch-mode 


Switch-mode 


Switch-mode 


Linear-mode 


Input Voltage Range (V)* 


4.35 to 5.5(16) 


4.35 to 6.0 (16) 


4.35 to 6.5(10) 


4.35 to 6.5(10) 


# of Inputs/Outputs 


2/2 


1/1 


1/1 


1/1 


Maximum Charge Current (mA) 


1500 


1250 


900 


210/500 


TurboCharge™ Output 


Automatic 


Automatic 


Software/uC 




CurrentPath™ Control 


X 








USB On-The-Go Power 


X 


X 






Low -Battery Recovery Mode 


X 








I2C Interface 


X 


X 


X 


X 


Programmable Float Voltage 


X 


X 


X 


X 


Programmable Charge/Term. Current 


X 


X 


X 


X 


Programmable Input Current Limit 


X 


X 






Input/Battery OV/UV 


X 


X 


X 


X 


Hardware Safety Timer 


X 


X 


X 


X 


Software Watchdog Timer 


X 


X 






Battery Thermal Protection 


X 




X 


X 


IC Thermal Protection 


X 


X 


X 


X 




3.6x3.3 CSP-30 


3.1x2.1 CSP-20 


2.1x1.3 CSP-15 


2.1x1.3 CSP-15 


Package 


5x5 QFN-32 


5x5 QFN-32 


Solution Size (mm2) 


50 


28 


31 


7.5 


* Indicates overvoltage "holdoff" tolerance 



For more information see: 
www.summitmicro. com/SMB139 
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Programmable Power for a Green Planet 







Enter the New World of Bourns 



Automotive Sensors 
Circuit Protection Solutions 
Magnetic Products 
Microelectronic Modules 
Panel Controls & Encoders 
Precision Potentiometers 
Resistive Products 



The world of Bourns has grown. An expanding world focused 
on exceeding our customers' needs. New innovative products 
and technologies. Expanded application solutions. Plus a 
worldwide team of technical experts to facilitate the design 
process and solve tough application problems. All provided to 
help customers shorten design cycles 
^1^^ ^HI^ achieve faster time-to-market. 

^ ^^^k ^ Bourns, we have grown to serve 
you better. Step in - explore the 
new world of possibilities from 
Bourns today: 

www.bourns.com/newworld 





O Bourns - the company you have relied on for more than 60 years. 



Built on Trust... Based on Innovation 



Green Engineering 

Powered by National Instruments 




For more than 30 years, National Instrunnents has ennpowered engineers and scientists to nneasure, diagnose, and solve 
Sonne of the world's nnost connplex challenges. Now, through the Nl graphical systenn design platfornn, engineers and scientists 
are using nnodular hardware and flexible software to not only test and nneasure but also fix inefficient products and processes 
by rapidly designing, prototyping, and deploying new nnachines, technologies, and nnethods. Today, a nunnber of the world's 
nnost pressing issues are being addressed through green engineering applications powered by Nl products. 



Download green engineering resources at ni.com/greenengineering 800 890 1345 



©2008 National Instruments Corporation. All rights reserved. National Instruments, Nl, and ni.com are trademarks of National Instruments. 
Other product and company names listed are trademarks or trade names of their respective companies. 2008-9267-151-101 
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Embedded technology: 
designers choose 
from the latest fabrics 

A ^\ Embedded-system 
/\ I 1 designers are using 
I Vp,/the latest switched- 
fabric technology to not only boost 
data rates, but also dynamically 
optimize performance, bypass 
failed subsystems, and coexist 
with legacy components. 
by Warren Webb, Technical Editor 



Integrating high- 
speed serial I/O: 
no snap for SOC 
designers 

^\ Jk examine the problems 
^ I an SOC team faces 
I in integrating what 
many see as an unfamiliar, par- 
ticularly delicate mixed-signal-IP 
block into their already-challeng- 
ing chip designs, by Ron Wilson, 
Executive Editor 
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Blind prefetching 
improves PCI 
Express-to-PCI-bridge 
performance 

standard bridges allow 

designers to com- 
V-^ bine the high-perform- 
ance PCI Express interconnect 
with legacy PCI-bus architecture. 
Advanced bridge features, such 
as blind prefetching, boost data 
throughput, by Eugene Cabanban, 
PLX Tectinology 

How to maximize 
application payload 
with a minimal 
machine-code 
footprint 

Learn how to analyze 
I a traditional algorithm 
V-y I to drastically reduce 
the memory footprint and gener- 
ate processor-friendly machine 
code for a typical automotive 
application. by Vistiwas Vaidya, 
Tata Motors Ltd 



Use thermoelectric coolers with real-world heat sinks 
Interface MIDI instruments to a PC through a USB port 
Transmission lines simulate digital filters in PSpice 
Dual flip-flop forms simple delayed-pulse generator 



DESIGN 
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150 mW 



100 mW 



50 mW 



mW 




ARM-enabled Ml IGLOO: The lowest power FPGA 
with the industry-standard 32-bit microprocessor. 

Extend portable battery life by 10x without compromising 
time-to-market or budgets. Actel M1 IGLOO Flash FPGAs 
save power in every mode of operation, and never need 
extra components that add bulk and cost. 



At 148 |jW, igloo static power 
use is barely visible compared 
to equivalent gate parts from 
the nearest competitors, which 
use from 300 to 1500 times 
more power. 




ARM 



No royalties. No licence fees. No unit price adder. Only Actel Flash 
iQLoo FPGAs give you access to ARM processors and design tools, making them 
Flash FPGAs the most affordable way to use the industry-standard 32-bit processor. 




V 







m 



Designed to meet the demands 
of tomorrow's portables today. 

M1 IGLOO devices can save you a lot more than just power. Like all Actel 
FPGAs, their single-chip form is available in space-optimized chip scale 
packages. They're live at power-up, nonvolatile, reprogrammable, and 
completely secure — saving board space, time, and ultimately money. Find 
out just how much cooler your portable designs can be at actel.com/cooler. 



See the Portable webcast and win an IGLOO Starter Kit at 
actel.com/cooler 
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POWER MATTERS 
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1 7 Quad data converter features dual FPGAs 



17 IMEC launches method 

of analyzing process variability 



20 Low-power, low-noise analog-front-end IC targets 
ultrasound systems 



18 Tiny nanophotonic switch provides 
optical routing between cores 



22 Multiprocessor system sports as many as 
four coherent, multithreaded cores 



20 POE controller gears up for new physical layer 



22 CompactPCI computer integrates multicore 
technology 

24 Voices: Freescale's Lisa Su: embedding future growth 
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26 Baker's Best: Does ENOB tell the whole story? 

28 Prying Eyes: You can punch out and manufacture 
this cell-phone reference design 



102 Circuit Protection: ESD-protection diodes, solid- 
state protection devices, low-capacitance diode- 
array families, and more 



1 06 Tales from tlie Cube: Finding clock glitches 



104 Embedded Systems: Digital-bit-stream cards, 
PC/104-plus cards, graphics boards, wireless 
RS-232-to-USB transceivers, and more 
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The Newest 

Semiconductors 



^ERicoiyr 



^ Texas 



Instruments 

Authorized Distributor^ 



VISHAY 



SHARR 



NEC 

NEC Electronics America Q RECTRON EPSON' 



TOSHIBA 

Leading Innovation »> 



/J 



fZETTX i 

SEMICONDUCTORS cT 




mPOWER 




The ONLY New i^aiaio^ every yu uays 



Experience Mauser's time-to-market 
advantage with no minimums and same-day 
shipping of the newest products from more 
than 335 leading suppliers. 



MOUSER 

ELECTRONICS 




www.mouser.com 

Over 955,000 Products Online 




a tti company 

The Newest Products 

For Your Newest Designs 



(800) 346-6873 




online contents 

WWW.edn.COn3 
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Oh 

Check out these Web-exclusive articles: 

Designing with high-power LEDs 
on epoxy-glass boards 

Learn the fundamentals of thermal design 
and how it can be implemented using 
practical methods and materials to produce 
acceptable high-power LED applications. 
' www.edn.com/article/CA6545911 

Regulatory commissions sound off 
about acoustic shock 

Recently implemented European directives 
require employers to protect workers from 
the dangers of acoustic shock. Read on 
to understand the issue and the technical 
challenges. 

www.edn.com/article/CA6545956 



A few useful formulas 

for magnetic-products design 

These useful equations assist in selecting 
magnetic cores, making the necessary gap 
assessment, determining magnetic-core 
parameters, and evaluating the energy- 
storage capability of gapped cores. 
' www.edn.com/article/CA6545406 



Wanted or not, 

H-1 B visa process begins 

Do you care if your company doesn't get all 
the visas it wants? 
^www.edn.com/08041 7toc1 



Ansoft releases target high-speed- 
circuit and electromagnetic design 

Ansoft has announced new releases 
of its Nexxim high-capacity circuit- 
simulation software and Ansoft Designer 
integrated schematic and design- 
management software. 
www.edn.com/article/CA6546236 



3 LED 



00 nF 



READERS' CHOICE 

A selection of recent articles receiving 
high traffic on www.edn.com. 

Red LEDs function as light sensors 

You can build simple LED illuminators 
using the red LED to sense ambient-light 
level. 

www.edn.com/article/CA6541 376 



Precision voltage-controlled current 
sink tests power supplies 

A simple voltage-driven current sink allows 
you to test the dynamic behavior of power 
supplies. 

www.edn.com/article/CA6541 375 

Genetic algorithm solves thermistor- 
network component values 

An algorithm employing survival-of-the-f it- 
test principles finds the optimal resistor 
and NTC thermistor values for applying 
temperature compensation to an active 
device. 

www.edn.com/article/CA6542464 



Harvest energy using 
a piezoelectric buzzer 

You can harvest small amounts of mechani- 
cal energy using a piezoelectric buzzer to 
charge a supercapacitor. 

www.edn.com/article/CA6541 379 



Flyback transformer enables high 
power factor and converter efficiency 

Ever-tightening regulations require a power 
factor of at least 0.9 and high efficiency for 
offline power supplies. This new switching- 
converter topology uses a flyback trans- 
former and accomplishes both these goals 
in one stage. 

^ www.edn.com/article/CA6535349 
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INNOVATION AWARDS 

EDA/ CROWNS INNOVATION 
AWARD WINNERS 

EDN announced the Innovator of the 
Year and the Innovations of the Year 
at an awards ceremony on April 1 4. 
Find out who took home top honors. 
www.edn.com/innovation 1 8 



FROM EDATS BLOGS 

Joost's live test: No antenna? No coax? 
No fiber? No problem 

From Brian 's Brain, by Brian Dipert 

a Internet-delivered televi- 
sion content, advertis- 
ing-supported (therefore 
free), with no IPTV sub- 
scription required? Looks 
and sounds good to me. 
What about you? 
www.edn.com/08041 7toc3 



2008 EDN DSP Directory 




FIND YOUR DSP 

The online version of EDNs 2008 
DSP Directory— a drastically expanded 
version of what appeared in these 
pages last month— is now available. 
The directory allows you to quickly 
home in on DSP devices and cores 
that meet your application needs. 
^ www.edn.com/dspdirectory 
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QuickLogic Introduces VEE: 

The Visual Enhancement Engine 



VEE enables a TV-quality visual experience on mobile devices while 
dramatically reducing the LCD backlight to improve battery life 



VEE technology transforms the mobile 
multimedia experience by: 

■ Significantly enhancing image/video quality through 
dynamic range control 

■ Allowing superior viewing image/video quality under 
low backlight or bright ambient light conditions 



Multimedia Trends - User Experience 

The multimedia user experience has become one of the key 
selection criteria for the handset market because its success 
is essential to the adoption and growth of emerging technology 
aimed at increasing network operator revenues. True mobility 
inherently means that a device must be able to provide this 
unique user experience under any condition consumers will 
be in— on trains, planes, in bright sunlight, in the dark, tethered 
to wall power or completely unplugged. 

VEE Technology - The Answer 

Stringent design requirements are placed squarely on the 
shoulders of the OEMs and ODMs that supply products to the 
consumer market. One limitation these OEMs and ODMs have 

is how mobile displays often truncate the effective contrast of 
the content con-sumers are viewing on their mobile devices. 

QuickLogic is addressing this challenge with a new technology 
called the Visual Enhancement Engine (VEE). The patented, 
proven VEE technology supplies high quality contrast optimiza- 
tion for a wide range of mobile consumer and prosumer devices, 
providing consumers with a TV-quality viewing experience 
while, at the same time, extending battery life. 



QuiczkLogicz^ 




Battery Level 

i 



Memory 



Application 
or 

Baseband 
Processor 



RGB/EBI 



Ambient Light 




ArcticLink^ll 
and PolarPro 
with VEE 




Mobile LCD Display 



408.990.4000 • www.quicklogic.com 





Delivering the next generation 
in mobile entertainment experience 

These three Use Cases illustrate how QuickLogic's proprietary VEE solution greatly enhances image and video 
quality by dynamically compressing the display range to match the characteristics of the LCD, with the intended 
viewing experience of the source content, resulting in a substantially better viewing experience under any conditions. 



Use Case 1 - Improved Video Quality 

A commuter goes from a train station to outdoors, while watching a movie, with 
backlight automatically compensated. 

One benefit of VEE's visibility improvements is that the mobile device does 
not require a powerful backlight in order to provide daylight viewing. The 
enhancement engine will compensate for the display's reduced contrast, 
ensuring a consistent high-quality viewing experience despite lighting changes. 



Video with VEE on ^ 



■ 



i Original Video 



Use Case 2 - Battery Life Extension 

A traveler low on battery power can now finish a two-hour movie while on an 
airplane because VEE automatically adjusts in real time to compensate for 
reduced backlight. 

With traditional display technology, developers have only two options for 
overcoming viewability concerns. One is to increase backlighting, particularly 
in high ambient light conditions. However, for mobile device designers, this 
option has a serious drawback— increased power consumption. The backlight 
for a mobile display consumes between 30% and 60% of the device's power 
budget. The VEE technology from QuickLogic automatically compensates for 
the reduced backlight thus increasing battery life, while providing a satisfactory 
viewing experience. 



i Backlight reduced by 
70% Without VEE 




Backlight reduced by 70% 
Compensated by VEE ^ 



Use Case 3 - Enhanced Still Pictures 

A tourist takes a picture while sightseeing and can now see the detail captured in 
the picture on the built-in LCD display. These details would normally be lost due 
to the limited contrast ratio of these LCDs. With VEE, the details are now visible, 
reassuring the tourist that their vacation is being accurately captured. 

The VEE enhancements arise from the re-mapping of image data to amplify 
subtle variations and make them more apparent to the eye. This image- 
dependent remapping addresses display limitations in two ways. First, it ensures 
that image details are preserved against truncation by the display's limited input 




range. Second, by taking into account the surrounding data values, the mapping 
enhances image detail in light and dark image areas appropriately. 



© 2008 QuickLogic Corporation. All rights reserved. The QuickLogic name and logo are registered trademarks of QuickLogic Corporation. 




E D N . C O M M E N T 




BY WARREN WEBB, TECHNICAL EDITOR 



Those devilish details 

Embedded-system designers are once again emerging from 
their cubicles and laboratories to saunter up and down the 
aisles of the Silicon Valley version of the Embedded Systems 
Conference in search of the latest products and techniques 
to ease their professional lives. No, you won't see the end 
products that these designers are famous for, such as medi- 
cal instrumentation, industrial automation, military- weapon systems, or 
even the latest portable-multimedia devices. What you see are the hid- 
den details that designers use to make these products perform their 

magic. Embedded design is all about 
sufficiently defining and controlling 
these details to produce the desired re- 
sult within budget and on schedule. 

But what exactly are these embed- 
ded-system designers looking for at a 
gathering such as the Embedded Sys- 
tems Conference? They are looking 
for the elusive component that will 
eliminate the noise or increase the 
bandwidth of the project's latest cir- 
cuit design. They want low-cost de- 
bugging tools that will reduce all of 
those hours spent locating that last 
bug in the firmware. They also want 
an educational or how-to seminar to 
get them up to speed for the extreme 
expectations of the next project. They 
need the embedded details that will 
guide them along a successful path in 
their career. Or maybe they just want 
a little time away from the office. 

One embedded-system detail has a 
major impact on embedded design: the 
industry's transition from a parallel- 
multidrop-bus structure to switched-se- 
rial-fabric interconnections. We have 
dedicated this issue to the ins and outs 
of fabric technology at both the board- 
and the chip-design levels. My cover 
story outlines the latest board-level- in- 



We have dedicated 
this issue to the 
ins and outs of 
fabric technology 
at both the board- 
and the chip- 
design levels. 




terconnection strategies you need to 
keep up with the soaring data rates in 
today's embedded systems. I also exam- 
ine several ways that board standards 
integrate the new switched fabrics into 
legacy technology to reduce costs and 
simplify the transition. Taking high- 
speed serial technology one level deep- 
er, EDN's Executive Editor Ron Wil- 
son uncovers switched fabric's impact 



on system-on-chip designs. Ron dis- 
cusses the integration of high-speed se- 
rial I/O — from IP (intellectual-proper- 
ty) -vendor selection through the inte- 
gration and verification processes. 

April is also that time of year when 
EDN honors the creators of the hot- 
test product, software, and technical 
articles deemed most valuable to the 
embedded-design community. Our 
annual EDN Innovations Awards cer- 
emony honors outstanding engineer- 
ing professionals and the products 
they conceive. This year's product fi- 
nalists include a diverse list of embed- 
ded details, including a video-format 
converter from Marvell, an industrial 
ADC from Cirrus Logic, and a wire- 
less-development tool from Texas In- 
struments. We announced the win- 
ners on April 14. EDN donates a por- 
tion of the proceeds from the nomina- 
tions and the awards event to an engi- 
neering college or university that the 
Innovator of the Year chooses. It's our 
way of encouraging and supporting to- 
morrow's great minds. You can find a 
complete listing of the finalists and 
winners at www.edn.com/innovation. 

As you marvel at our industry's elec- 
tronic masterpieces, you can be sure of 
one thing: A team of embedded-sys- 
tem designers painstakingly analyzed 
and tuned all of the minute hardware 
and software details. And the next 
time you hear the hackneyed phrase 
"the devil is in the details," I hope it 
will remind you of embedded-system- 
design engineers and their daily trek 
through our industry's electronics mi- 
nutiae to stretch the technology enve- 
lope to fit their current project assign- 
ments. EDN 

What are your thoughts? Contact me at 
<w<wehh@edn.com. 



ATEDN.COM 



\±} Go to www.edn.com/08041 7ed 
and click on Feedback Loop to post 
a comment on this column. 
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Think of them as 
chip inductois on steioids 



WeVe really pumped up the performance of our 
new 0402HP and 0603HP chip inductors. 

They can handle twice the current of their 
nearest competitor. With a third less DCR and 
much higher Q factors. 

Use them in PAs, filters or antenna match- 
ing applications; anywhere you need maximum 
current, high Q and minimum loss. Not only are 
they drop-in replacements for our popular CS se- 
ries, weVe actually kept the cost the same. 

Enhance the performance of your own prod- 




ucts by specifying Coilcraft HP inductors. For Compared to their closest competitors, our new 0402HP and 0603HP 
free samples visit www.coilcraft.com/hp families offer significant performance advantages. 



1 800-3 



^ <^r^f A_ < , , - www.coilcraft.com 800/322-2645 



Automotive, Industrial, Medical, LCD/Plasma, 
Gaming and Printing, Micrel is Everywiiere! 




High-Voltage Synchronous Buck Control IC With Low EMI Option 



V,„40V ^ 



MIC21 30/31 



1^ 



► ''9 

1 



/ Available in 4 x 4 mr 



Key Points: 

♦ 8V to 40V input voltage range 

♦ Low EMI option MIC2131 

♦ Fixed 1 50/400 KHz 

♦ Adaptive gate drive allows efficiencies over 95% 

♦ Programmable current limit with no sense resistor 

♦ Output over-voltage protection 

♦ Tiny 16-pin 4mm x 4mm MLF® package option 

♦ 16-pin e-TSSOP 

♦ Junction temperature range of -40°C to +125''C 

Applications: 

♦ Automotive Systems 

♦ Industrial/Medical DC-to-DC Point-of-Load 

♦ Gaming Machines 

♦ LCD/Plasma TVs 

♦ Printer Head Drivers 

♦ Telecom Systems 

For more information, contact your local Micrel sales representative 

or visit Micrel at: www.micrel.com/ad/mic2130. 

Literature 1 (408) 435-2452 Information 1 (408) 944-0800 

© 2008 Micrel, Inc. All rights reserved. Micrel is a registered trademark of Micrel, Inc. 
MLF is a registered trademark of Amkor Technology. 
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From the machined interconnect 
component leader 



s to telecommunications, 
emands connections that 
are precise, consistent and reliable. Mill-Max Mfg. 
Corp. components offer: 

• Secure, low-noise connections. 

• .008" to .102" (0,20 - 2,59 mm) pin acceptance. 

• 35 high-reliability, multi-finger 
contact clip designs. 

• High-grade materials and quality control standards. 

• RoHS and non-RoHS plating options. 




Press-Fit Interconnects 




Spring-Loaded Contacts 



Mill-Max Mfg. Corp. Connect with the best. 

To view our Design Guide, new product offerings 
and order free samples, visit 



www.mill-max.com/respond 

Response Code: EDN582 





65-inch signage display 
(LK645D3LZ29) 



(or small) 




Whatever you imagine, there's a Sharp display to make it work. 

LCDs are used in everything from handheld devices to wall-size displays, so 
it's essential for engineers to have choices. Sharp has a tremendous breadth 
of display modules with the performance specifications you need to make your 
design work— in sizes from 2.2 to 65-inches. And with a global supply chain 
and unparalleled support, Sharp will be there— no matter where you are in the 
design process, or where you are in the world. 



3.7-incti portrait mode display 
with switchable VGA/QVGA 
(LS037V7DW03) 



www.SHARPsma.com/LCD 



MICROELECTRONICS 
OF THE AMERICAS 




Quad data converter features dual FPGAs 

Targeting teams working on wideband- 
radar and -communication systems, 
Pentek recently released the Model 
7150 high-speed data converter, featuring 
four 200-MHz, 16-bit ADCs and a pair of 
high-performance Xilinx (www.xilinx.com) 
Virtex-5 FPGAs. The 200-MHz sampling 
rate allows users to directly digitize nearly 
1 00 M Hz of bandwidth when the 7 1 50 con- 
nects directly to the RF or the IF inputs of a 
communications system. 

The single PMC (peripheral-compo- 
nent-interconnect-mezzanine-card)/XMC 
(express-mezzanine-card) module assigns 
strategic functions to both FPGAs for opti- 
mum performance. One targets interface 
connectivity, and the other performs real- 
time signal processing. The processing 
FPGA handles data flow and data routing, 
controls all clock and synchronization func- 
tions, and manages memory resources. The 
interface FPGA provides the board's sys- 



tem connectivity through a PCI-X or optional 
PCIe (PCI Express) interface. 

The board's 1.5 Gbytes of synchronous 
DRAM supports real-time capture of 2.56 
seconds of data sampled at 200 MHz. This 
large transient-capture capability is essen- 
tial for applications such as wideband radar. 
You can synchronize multiple 71 50s through 
a front-panel ribbon cable to create larger 
multichannel systems. The 7150 supports 
use with Linux, Windows, and VxWorks, and 
board-support packages for each operating 
system are available. Prices for the PMC 
version of the Model 7 1 50 start at $ 1 3,500. 
The 1 35-MHz version of the 71 50 is avail- 
able, and the 200-MHz version will be avail- 
able 1 4 to 16 weeks after receipt of order. 

—by Warren Webb 
>Pentek Inc, www.pentek.com. 

With four times the resolution and twice the memory of previ- 
ous products, the model 7150 captures wide-bandwidth data 
with four 200-MHz, 1 6-bit ADCs. 




IMEC LAUNCHES METHOD OF ANALYZING PROCESS VARIABILITY 



TO allow for optimization 
of system designs for 
timing, energy and yield 
versus expected application 
load, the IMEC (Interuniversity 
Microelectronics Research 
Center) recently demonstrated 
a variability-aware-modeling 
flow that analyzes the process 
variability of smaller-than-45- 
nm technologies. The flow 
assesses the impact of pro- 
cess variations and degra- 
dation effects of these tech- 
nologies on the system per- 



formance by giving valuable 
information to designers and 
can work with commercial 
DFM (design-for-manufactur- 
ing) tools. The research institu- 
tion has validated the flow on 
industrial-process-technology 
data and IP (intellectual-prop- 
erty) cores. 

The flow allows IP-block and 
system designers to assess 
their architecture-design 
options and to identify design 
bottlenecks before manu- 
facturing to overcome func- 



tional problems and paramet- 
ric uncertainty of designs that 
process and material variability 
of deep-submicron technolo- 
gies cause. 

According to Rudy Lau- 
wereins, vice president of 
nomadic embedded systems 
at IMEC, until now, IDMs (inte- 
grated-device manufacturers) 
internally performed most vari- 
ability-characterization work 
on their own technology and 
IP blocks. However, with the 
move to fabless companies. 



IMEC is attempting to bridge 
the gap between foundry 
and fabless companies on 
the design-level impact of 
using the most advanced 
semiconductor technologies. 
Qualcomm (www.qualcomm. 
com) and Samsung (www. 
samsung.com) are currently 
partners in I M EC's technol- 
ogy-aware design program. 

-by Ann Steffora Mutschler 
> Interuniversity Micro- 
electronics Center, www. 
imec.be. 
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Tiny nanophotonic switch provides 
optical routing between cores 



In another step toward send- 
ing information inside a 
computer chip using light 
pulses instead of electrons, 
researchers at IBM have cre- 
ated what they believe is the 
world's smallest nanophotonic 
switch, with a footprint approxi- 
mately 1 00 times smaller than 
the cross section of a human 
hair. This development aims to 
address the trend within the 
microelectronics industry of 
increasing the parallelism in 
computation by multithread- 
ing, by building large-scale 
multichip systems, and by in- 
creasing the number of cores 
on a single chip, even though 
this approach makes sense 
only if each core can simulta- 



neously receive and transmit 
large messages from all other 
cores on the chip, according to 
the company 

The cores on today's multi- 
core microprocessors commu- 
nicate with one another over 
millions of tiny copper wires, 
but this copper wiring would 
simply use up too much power 
and be unable to transmit the 
enormous amount of infor- 
mation for massive multicore 
processors. As such, IBM re- 
searchers are exploring an al- 
ternative by connecting cores 
using pulses of light in an on- 
chip optical network based on 
silicon-nanophotonic ICs. Like 
a long-haul fiber-optic net- 
work, such an on-chip network 
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The silicon-broadband-optical switch (black boxes) performs the 
key role of directing traffic within the on-chip optical network. 



will transmit, receive, and route 
messages between cores that 
are encoded as pulses of light. 
The researchers envision that, 
using light instead of wires, as 
much as 100 times more in- 
formation can travel between 
cores using 1 times less pow- 
er and consequently generat- 
ing less heat. 

This development is key to 
controlling the flow of infor- 
mation inside chips in the fu- 
ture and is expected to speed 
chip performance while using 
less energy. "This new devel- 
opment is a critical addition in 
the quest to build an on-chip 
optical network," says Yurii Vla- 
sov, manager of silicon nano- 
photonics at IBM's TJ Wat- 
son Research Center. "In view 
of all the progress that this 
field has seen for the last few 
years, it looks [as though] our 
vision for on-chip optical net- 
works is becoming more and 
more realistic." 

In a paper published in the 
April 2008 issue of Nature 
Photonics, IBM details the de- 
velopment of a silicon-broad- 
band-optical switch, which is 
another key component of 
on-chip optical interconnects. 
Once the electrical signals 
have changed into pulses of 
light, this switching device per- 
forms the key role of directing 
traffic within the network, en- 



DILBERT By Scott Adams 
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SThis devel- 
opment 
aims to address 
the trend of 
increasing tine 
parallelism in 
computation 
by building 
large-scale 
multichip 
systems. 

suring that optical messages 
from one processor core can 
efficiently get to any of the 
other cores on the chip. 

The switch has several criti- 
cal characteristics that make 
it suitable for on-chip applica- 
tions. First, it is compact: As 
many as 2000 switches would 
fit side by side in 1 mm^, there- 
by meeting integration require- 
ments for future multicore pro- 
cessors. The device can also 
route a large amount of data 
because it can simultaneously 
switch many wavelengths of 
light. With each wavelength car- 
rying data at speeds as high as 
40 Gbps, it is possible to switch 
an aggregate bandwidth ex- 
ceeding 1 Tbps, a requirement 
for routing large messages be- 
tween distant cores. 

Third, the researchers have 
showed for the first time that 
their optical switch can oper- 
ate within a realistic on-chip 
environment, in which the 
temperature of the chip can 
change dramatically in the vi- 
cinity of hot spots, which move 
around depending upon the 
way the processors are func- 
tioning at any given moment. 
This temperature-drift-toler- 
ant operation is a critical re- 
quirement for on-chip optical 
networks. 

-by Ann Steffora Mutschler 
>IBM Corp, www.ibm.com. 
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Picture-Perfect 
Ultrasound AFE 

50% Smaller, 40% Less Noise, 20% Less Power 



Tl's new AFE5805 Analog Front End provides low power consunnption (122nnW/ch) and low noise 
(0.85nV/VHz at 2 MHz, 20dB) in an ultra-snnall (15x9nnnn) BGA package. It is the first device in Tl's new 
AFE58XX fannily that integrates nnultiple high-perfornnance analog connponents providing superior innage 
quality for a wide range of ultrasound equipnnent. That's High-Performance Analog»Your Way^"^. 



A 



Lowest noise for superior image quality 





































npetitio 




















n 


































Arc 




































































2 4 


\ f 


i £ 


i 10 



Frequency (MHz) 

www.ti.com/ultrasound 1.800.477.8924 ext. 14443 

Get Samples and Evaluation Modules 



Texas 
^ Instruments 



High-Performance Analog » Your Way and the platform bar are trademarks of Texas Instruments. 2 1 08A0 © 2008 Tl 
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POE controller gears up for new physical layer 



Anticipating the new 
802.3at version of POE 
(power over Ethernet), 
Akros Silicon has introduced 
its AS1 135 PD (powered- 
device)-controller IC, which 
the company claims is the first 
IC to implement the two-event 
PHY (physical-layer) classi- 
fication of the IEEE 802.3at 
standard Draft 2.0. The new 
version of the standard raises 
the maximum available PD- 
controller-input power to 30W 
from the 1 3W that the 802.3af 
standard specifies. Some PDs 
currently offer 30W of power 
but use the handshake mech- 
anism that the current stan- 
dard specifies. 

According to Amit Gattani, 
director of marketing for 
Akros, the draft version of the 
802.3at standard states that 
an older device that cannot 




The AS 1 1 35 powered-device 
controller implements the 
two-event physical-layer clas- 
sification function of the IEEE 
802.3at standard Draft 2.0. 
This upcoming POE standard 
raises the maximum available 
PD-input power to SOW from 
the previously specified level 
of 1 3W that the 802.3af stan- 
dard specifies. 

conform with the new classifi- 
cation scheme, relying instead 
on the older handshake 
sequence, receives only 13W 



of power, rather than 30W. 

The new 802.3at standard 
is under development, and 
the IEEE standards body has 
finalized the PHY classifica- 
tion, which allows PDs and 
PSE (power-sourcing equip- 
ment) to recognize each 
other as 802.3at-compliant. 
To implement the classifica- 
tion, the AS1 1 35 provides the 
802.3at-detection function on 
a logic-output pin, indicating 
successful POE connection to 
Type 2 PSE. The AS 1135 can 
also operate with local-power 
input as low as 10V, so PDs 
and PSE devices integrating 
the AS1135 automatically 
adapt to legacy Ethernet and 
30W 802.3at POE networks. 

Ethernet systems are mov- 
ing outside the more benign 
office or factory environment 
into regions such as China 



and India, which may have 
less stable power quality and 
in which lightning surges and 
noise can interfere with power 
and signal quality. As it did 
with its first POE product, the 
AS16XX, Akros continues 
with the AS1 135 to empha- 
size on-chip EMI (electromag- 
netic-interference) filtering and 
surge suppression: The chip 
meets the I EC (International 
Electrotechnical Commission) 
61 000-4-2/3/4/5/6 and I EC 
60950 requirements for surge 
protection, EMI filtering, and 
isolation. The chip is available 
in a 20-pin, 5x5-mm OFN 
with a ROHS (restriction-of- 
hazardous-substances)-com- 
pliant package and sells for 
$1.66(1000). 

-by Margery Conner 
' -Akros Silicon, www.akros 
silicon.com. 



LOW-POWER, LOW-NOISE ANALOG-FRONT-END ICTARGETS ULTRASOUND SYSTEMS 



Texas Instruments' new 
family of analog-front-end 
ICs has power consump- 
tion of only 122 mW, mak- 
ing the devices suitable 
for portable-system ap- 
plications. With noise per- 
formance of 0.85 nV/VHz 
at 2 MHz, the ICs are also 



applicable to high-chan- 
nel-count, midrange-medi- 
cal-ultrasound, sonar, and 
other applications. 

The devices integrate 
eight channels of a low- 
noise amplifier; a voltage- 
controlled attenuator; a 
programmable-gain ampli- 




The AFE5808 analog-front-end IC provides the key compo- 
nent of a medical-ultrasound system. 



fier; a lowpass filter, and 
a 12-bit, 50M-sample/sec 
ADC with LVDS (low-volt- 
age-differential-signaling)- 
data outputs. 

The resolution of a medi- 
cal-ultrasound system 
depends on the number of 
channels it uses to acquire 
the information as well 
the noise level of those 
channels. A channel with 
lower noise allows better 
screen resolution. To save 
cost and power, portable 
ultrasound systems use 
32 to 64 channels. High- 
end systems have 256 to 
1024 channels. However, 
because of this device's 
low power consumption, 
you can use it in systems 
with high channel counts, 
such as the portable sys- 
tems in ambulances. With 
these devices, emergency- 



medical technicians see 
high-resolution ultrasound 
images, which they can 
wirelessly beam to a hos- 
pital emergency room. 
Capturing a high-quality 
image in the ambulance 
saves valuable time if 
it obviates the need for 
performing a rescan of a 
patient on the hospital's 
high-end ultrasound 
machine. 

TheAFE5805 is available 
in a 15X9-mm, 135-pin 
BGA package with a sug- 
gested retail price of $75 
(100). An evaluation mod- 
ule costs $199. Samples 
and evaluation modules 
are available now, and vol- 
ume production is sched- 
uled for June 2008. 

-by Paul Rako 

Texas instruments, www. 
ti.com/ultrasound. 
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Hear the Difference 

First Closed-Loop, Digital-Input Class-D Amp 



Device 


Power 


Closed-Loop 


Control 


Audio Processing 


TAS5706 


2x20W 


Yes 


PC 


Yes 


TAS5704 


2x20W 


Yes 


Hardwired 


No 



The TAS5706 and TAS5704 from Texas Instruments are the industry's first digital-input, stereo Class-D speaker 
amplifiers with integrated feedback. Their closed-loop architecture produces a richer, more accurate sound 
and lowers total system cost. And, both ICs feature end-to-end digital performance and a graphical development 
environment for easier design. That's High-Performance Analog»Your Way^"^. 

www.ti.com/tas5706 1.800.477.8924 ext. 5706 

Get Samples and Evaluation Modules 




Texas 



Instruments 



s Instruments. 2072A0 © 2008 Tl 
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Multiprocessor system sports as many 
as four coherent, multithreaded cores 



Ml 



MPS Technologies' 
multithreaded, multi- 
I processor, coherent- 
processing MIPS32 1004K 
licensable-IP (intellectual- 
property) platform supports as 
many as four single- or double- 
threaded processor cores that 
connect through a coherence 
manager. The nine-stage- 
pipeline architecture supports 
a worst-case 800-MHz-base- 
core operating frequency in a 
65-nm TSMC (Taiwan Semi- 
conductor Manufacturing Co, 
www.tsmc.com) general-pur- 
pose process. 

The architecture implements 
a dual-core, dual-threaded 
configuration for a total of four 
threads. The architecture also 
has 32-kbyte caches for each 
core, a coherence manager, 
and aglobal-interrupt controller. 
The devices include 1004Kc 
integer and 1004Kf floating- 



point versions of the core, and 
they both support Revision 1 of 
the MIPS32 DSP ASE (appli- 
cation-specific extension). 

The design-time configu- 
rability of the platform allows 
designers to size the instruc- 
tion and data caches, TLBs 
(translation-look-aside buf- 
fers), scratchpad RAM, and 
user-defined instructions. The 
configuration must be the 
same for each core in a given 
implementation, however, so 
that the architecture can sup- 
port SM P (symmetric-multipro- 
cessing) operation with SMP- 
based operating systems. 

The multicore coherence 
manager can manage one to 
four single- or dual-threaded 
cores, and it operates at the 
same clock rate as the cores. 

The coherence manag- 
er supports cache-to-cache 
transfers, speculative reads to 



SThe archi- 
tecture 
implements 
a dual-core, 
dual-threaded 
configuration. 

external memory, and global- 
cache operations. It manag- 
es coherency using the MESI 
(modified/exclusive/shared/ 
invalid) protocol, and it employs 
redundant tags to enable L1- 
cache transfers and minimize 
the impact on processing per- 
formance. Designers control 
the coherence scheme with 
global-configuration registers. 

The platform supports an 
optional 256-bit interface that 
can manage fractional-clock- 
rate access to an L2 memory 
controller. The optional l/O-co- 
herence unit bridges noncoher- 



ent l/O-peripheral data trans- 
fers so that the transactions 
are coherent within the sys- 
tem; it also supports per-trans- 
action attributes for snooping 
LI caches, LI and L2 caches, 
noncoherent transactions, and 
I/O prioritization. The global- 
interrupt controller can route 
as many as 256 system-level 
and interprocessor interrupts 
to cores or VPEs (virtual-pro- 
cessing elements). 

The SDE (software-develop- 
ment environment) for this plat- 
form includes the Gnu-based 
MIPS SDE-tool chain, the 
MlPSsim bus-functional mod- 
eling and instruction-set simu- 
lator, and the enhanced-JTAG 
and PDtrace system-navigator 
probe with coherence aware- 
ness. The two initial versions of 
this core, the integer 1004Kc 
and the floating-point 1004Kf, 
will be available for licensing 
during this quarter. 

—by Robert Cravotta 

MIPS Technologies, www. 
mips.com. 



COMPACTPCI COMPUTER INTEGRATES MULTICORETECHNOLOGY 



A new 6U CompactPCI 
single-board computer 
from MEN Micro combines 
Intel's (www.intel.com) 
multicore technology with 
a flexible mezzanine-card 
extension to deliver the 



needed performance for 
a range of applications, 
including industrial au- 
tomation, multimedia, 
aerospace, shipbuilding, 
medical engineering, 
and robotics. The D9 



r 



The 09 CompactPCI single-board computer offers multic( 
technology with a mezzanine-card extension for industrial 
applications. 



can integrate the Intel 
CoreT2 Duo, CoreT Duo, 
or Celeron M processors, 
depending on application 
requirements. The D9 of- 
fers a combination of I/O 
functions, including mez- 
zanine-extension cards 
and XMC (express-mez- 
zanine-card) or PMC (pe- 
ripheral-component-inter- 
connect-mezzanine-card) 
modules. 

Two PCI Express links 
with one lane each control 
the XMC module, and 
the PMC module offers 
32- or 64-bit performance 
and 33-, 66-, and 133-MHz 
speeds for PCI-X (PCI 
extended). Six USB 2.0 
interfaces, as many as four 
UARTs, and as many as 
four Gigabit Ethernet ports 



are available at the front 
or the rear of the D9. 

In addition, you can ac- 
cess PICMG (PCI Industrial 
Computer Manufacturers 
Group, www.picmg.org) 
2.16 through a mezza- 
nine card. The D9 also 
offers a CompactFlash 
slot and two SATA (serial- 
advanced-technology-at- 
tachment) ports that you 
can use onboard or on 
the backplane. The board 
operates in Windows 
and Linux environments 
as well as with real-time 
operating systems that 
support a multicore archi- 
tecture. Prices for the D9 
start at $3032. 

-by Warren Webb 

MEN Micro Inc, www. 
menmicro.com. 
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Our newest motor control innovations 

■ AD7264 and AD7262 Dual, 1 MSPS BAR ADCs 
Acquisition of position information from a shaft 
encoder. Allows simpler, more cost-efficient motor 
control systems. 

ADUM5230 and ADuM61 32 
■■I Isolated Half-Bridge Gate Drivers 

Industry's first isolated gate drivers offer independent 
and isolated outputs in one package. Significantly 
reduces the number of discrete components and 
improves system quality and reliability. 

ADM2491 E Isolated High Speed 
■H RS-485 Transceiver 

Industry-leading isolation solution for industrial field 
bus networks. Comprises transceivers and isolation in 
one package that saves board space and design time. 

AD7400 Isolated X-\ Modulator 

mi Low power isolated high speed data conversion 
enables an efficient current monitoring solution. 

■■■ 0P2177 Precision Low Noise, Low Input Bias 
■H Current Operational Amplifier 

Build accurate control circuits for servo drivers, 
current sense, or reference currents at lower power. 
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ADI motor control ICs: Improving reliability for 
reduced cost of ownership 

For designers of industrial systems, there's one sure way to add 
value to your solution and to your customer's application. It's by 
optimizing your signal processing with Analog Devices ICs. For 
example, in precision motor control equipment we've designed 
leading ICs that maximize throughput and machine efficiency, 
while reducing downtime with round-the-clock operation, 
adding up to increased profits. ADI has engineered similar 
system-user advantages into ICs optimized for medical, wireless 
infrastructure, consumer electronics, and automotive systems. 

To experience what Analog Devices can do for your motor control 
designs— and for your customer's bottom line— call 
1-800-AnalogD or visit www.analog.com/motorcontrol-ad. 
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Freescale's Lisa Su: 
embedding future growth 

Lisa Su, senior vice president and chief technology officer at 
Freescale Semiconductor (www.freescale.com), discusses 
the future of embedded-system technologies, differentia- 
tion beyond Moore's Law, and the challenges that come with an 
increasingly sophisticated electronics market. For more of this 
interview, visit www.edn.com/article/CA6541 920. 




What tech areas hold future 
growth for Freescale? 

Our core markets are in 
networking, automotive, 
and wireless. Those are large, 
good markets where we have 
good positions. We are starting 
to see ... that the consumer 
market is a significant growth 
opportunity. The applications 
of some of the technology 
we have built for the network- 
ing and automotive [markets] 
are making their way into the 
consumer area, especially with 
multimedia. Our [goal] is to put 
embedded electronics in every 
application-the everywhere, 
every place, every time. 

What challenges are you fac- 
ing in achieving that goal? 

Probably the biggest 
challenge that I see for 
the industry is [that] electron- 
ics are getting more sophisti- 
cated. It's upon us as an indus- 
try to make [electronic devices] 
a lot simpler to use. It's great to 
have all this technology but, if 
we can't get that [technology] 
into applications-if we can't 
get that hooked up and con- 
nected and working together- 
it's not as useful to the overall 
goals. We are spending a lot of 
time not just on the chip itself, 
but on the ... package around 



the chip, so that we can get it 
quickly into new applications, 
particularly when you are do- 
ing things like making chips 
that will go into next-genera- 
tion automotive electronics. 

Automotive is a highly de- 
manding and time-intensive 
market. How difficult is the 
automotive market to navi- 
gate from the technological 
and business standpoints? 
It is a challenging mar- 
ket from the standpoint 
that it takes a long time to de- 
sign in. On the other hand, it is 
also an opportunity. ... We can 
see that there will be a lot of 
growth. Even if the number of 
cars grows at a certain rate, the 
amount of electronics as a per- 
centage of the car is going up. 
Probably the largest challenge 
is to ensure that the quality lev- 
els are where they need to be. 
There should be zero defects. 
We can't afford to have a qual- 
ity incident. 

Where do you see wireless 
technology going? 

Certainly, the adoption 
rates of 3G are there. 
There are a number of stan- 
dards across the different ge- 
ographies. Being able to keep 
pace with those standards is 



an important thing. The tech- 
nology is going to be there. 
It's really the adoption rate of 
the infrastructure and ensuring 
that the competing standards 
get worked out. 

How important is Linux to 

wireless growth? 

^PJI Linux is extremely im- 

VaI portant, period It is a 
great opportunity to get appli- 
cation developers on a com- 
mon operating system. It's im- 
portant in both wireless and 
other consumer, multimedia 
applications. 

What is Freescale's 'more 
than Moore' strategy? 

When you take a look at 
where you can differen- 
tiate in semiconductors, it used 
to be that scaling was king and 
companies would spend most 
of their time ensuring that you 
could get to smaller, faster, 
cheaper every two years. We 
are finding . . . that scaling is im- 
portant; however, there are a lot 
of other ways to differentiate. 
It's about the software [and] the 
system that it comes in. Pack- 
aging is sometimes an after- 
thought, but I view it as a place 
[for] new opportunities to differ- 
entiate. 'More than Moore' for 
us means that we will continue 
pushing advanced technology 
from a scaling standpoint but 
that we are [also] looking for 
other ways to differentiate and 
make our products more valu 
able to the consumer. 
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What are Freescale's pack- 
aging-technology plans? 

As we make chips small- 
B^^^ er and smaller, one of 
the issues is [the constraints 
of] the number of connections 
you need to make and the 
wire-bond pitches. So we de- 
veloped ... RCP [redistributed- 
chip packaging]. The idea ... is 
to take some of the wafer-level 
elements, such as lithography 
and plating, and build wafer- 
scale packaging. [RCP is] one 
of our most innovative technol- 
ogies, and it will reduce pack- 
age sizes by 30%. 

What is Freescale's network- 
ing road map? 

Multicores have been in 
■fml PCs for a while, but they 
haven't broken into the embed- 
ded space in a big way . . . You 
have this network infrastruc- 
ture that is already in place, and 
you need to be able to migrate 
it to the higher performance, 
lower-power design points in 
a way that's really very easy to 
do. Our networking road map is 
aggressively going after multi- 
core in 45-nm technology 

You seem to refuse to make 
a choice between being a re- 
searcher and being a busi- 
nesswoman. How do you 
balance those two worlds? 
I believe that technol- 
ogy is really exciting but 
only when it gets out into the 
marketplace and when you can 
see it in a product and an appli- 
cation. The best technologists 
understand what's going on in 
the market and in the business 
environment. I happen to be 
chief technology officer of Fre- 
escale, but I'm very interested 
in ensuring that I understand 
personally what our custom- 
ers are thinking and where the 
market is going. That's what 
will make us more successful, 
-by Suzanne Deffree 
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R A Q ' s 



Rarely Asked Question^ 



Political Correctness and Datasheets 

Q. Datasheet Specifications: Provoking or Confusing? 



A. That's a matter of opinion. We 
receive many comments about our 
datasheets, mostly "good," "well done" 
or "reliable data." On some occasions, 
however, customers complain about 
missing information (usually specific 
to their application), or the occasional 
typo that finds its way into a datasheet. 
We're used to receiving a breadth of 
comments about our datasheets, but 
rarely do we get calls that are com- 
pletely unexpected. 

A recent call started well, with the caller, 
Ms. April Day, commenting that our prod- 
ucts performed admirably, but she found 
our datasheets to be a little difficult to 
read. I chuckled to myself and told her, 
"Yes, some of our engineers can get car- 
ried away when writing datasheets." The 
conversation took a turn into uncharted 
territory when she said the datasheets 
weren't technically difficult to read, but 
that they were not "PC" friendly. I assured 
her that our datasheets could be viewed 
or printed from any computer. "No, no," 
she said, "I mean politically correct." She 
then proceeded to rattle off the offend- 
ing aspects of the datasheet. When she 
had finished her list, my chin was severely 
bruised from having hit my desk top so 
often during her call. 

She was quite enthusiastic and passion- 
ate about her cause, and I told her we 
would take her comments under advise- 
ment. After mulling over her comments 
with some of my colleagues, we came 
up with some creative "PC" alternatives 
that could be implemented into our data- 
sheets. Following is her list of offensive 
parameters; with our "politically correct" 
alternatives in italics. 

Input bias current... Input non-discrimi- 
natory current, Voltage Noise... Silence 
Challenged Voltage, Thermal resis- 




tance... Non-receptive thermal conduc- 
tion, Common Mode Rejection Ratio... 
Bourgeois Mode No-Dice Ratio, Disable 
pin... Differently abled pin, Negative 
feedback... Non-Positive feedback. 
Absolute Maximum ratings... Genuine 
Zenith ratings. Power Supply Rejection 
Ratio... Power Supply Refusal Ratio, 
Negative power supply... Unaffirmative 
power supply, and Harmonic Distortion... 
Spectral Purity Assessment. 

Ms. Day was quite pleased with our new 
phraseology and appreciated our quick 
response in resolving this issue. I told her 
that if one of our parts met with an early 
demise in her application, she could return 
it to our Analysis Laboratory for a com- 
plete Deferred Success Analysis Report. 

By the way, I forgot to mention our 
caller's middle name... Fools, that's right 
April Fools Day. In case you haven't real- 
ized it yet, this RAQ has been an April 
Fools' Day^ joke, rest assured we will not 
be incorporating any of these changes 
into our datasheets. See you next month! 

' April Fools' Day or All Fools' Day, is not an official holi- 
day, but is celebrated in many countries on April 1st. The 
day is marked by playing practical jokes on family, friends, 
enemies and co-workers. 



To Learn More 
About Datasheets 

Go to: http://rbi.ims.ca/5707- 
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Have a question 
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perplexing or 
unusual analog 
problem? Submit 
your question to: 

raq@reedbusiness.conn 

For Analog Devices' 
Technical Support, 
Call 800-AnalogD 



SPONSORED BY 




ANALOG 
DEVICES 




BAKER'S BEST 




BY BONNIE BAKER 



Does ENOB tell the whole story? 

Near the beginning and end of a total solar eclipse, the 
thin slice of the sun that's visible appears broken up into 
beads of light. These lights are called Baily's Beads, after 
the British astronomer Francis Baily, who first noted the 
phenomenon in 1836 (Reference 1). At the moment 
they occur, you can't see the full picture; much more is 
going on. For a short time, you cannot see the sun. In same way, the 

ENOB (effective-number-of'bits) spec 
describes only part of an ADC: noise 
and distortion — rather than providing 
a precise or accurate description of an 
ADC. 

Be aware of the ENOB pitfalls. It 
does not describe the converter's en- 
tire operation over the ranges of sam- 
pling frequencies and power supplies. 
Additionally, ENOB numbers ex- 
clude dc specifications, such as offset 
and gain error. Engineers use either an 
ac or a dc input signal to determine 
an ADC's ENOB. With an ac input 
signal, the digital output in an EFT 
(fast'Eourier-transform) plot shows 
the fundamental input signal along 
with the converter's noise and distor- 
tion. In the ac environment, you cal- 
culate ENOB from the converter's SI- 
NAD (signal, noise, and distortion), 
which is the same as THD+N (to- 
tal harmonic distortion plus noise) 
or SNR+D (signabto-noise ratio 
plus distortion). SIN AD is the cab 
culated combination of the SNR and 
the THD: SIN AD (dB) = -201og^, 

^^Q-SNR/10_^ ^Q+THD/10^ 

THD combines all of the energy from 
the frequency bins in the EFT that are 
harmonic multiples of the input sig- 
nal. To measure SNR, integrate all of 



ENOB does not 
describe the 
converter's entire 
operation over the 
ranges of sampling 
frequencies and 
power supplies. 



the energy in the remaining bins and 
compare them with the fundamental 
signal level. Use the following calcu- 
lation to derive ENOB from SINAD: 
ENOB=(SINAD-1.76)/6.02.In this 
simple formula, 6.02 is a multiplier of 
a 20 log^Q of the converter's bits, and 
1.76 is the quantization noise. 

Using a dc input signal to measure 
ENOB involves the use of a histogram 
of the digital output. It shows the av- 
erage dc value of the input signal and 



the internal noise of the converter. 
The most common measurement for 
oversampling or delta-sigma ADCs is 
to calculate the standard deviation, 
which is equal to the rms noise. If you 
apply a dc signal to a delta-sigma ADC 
and record a large number of samples, 
you can then derive the standard de- 
viation for these codes. The formula 
for ENOB is: N — log2(a), where a is 
the standard deviation of data and N 
is the number of converter bits. With 
delta-sigma converters, ENOB, or the 
effective resolution, changes with ad- 
justments to the oversampling or dec- 
imation ratio. Generally, the effec- 
tive resolution of delta-sigma ADCs 
decreases with increasing data output 
rates. 

ENOB for ac measurements uses a 
SINAD calculation, which is a com- 
bination of the SNR and THD. The 
ac measurement is dynamic, requir- 
ing a sine-wave input. You use this 
calculation with converter architec- 
tures, such as SAR (successive-ap- 
proximation-register), pipeline, flash, 
and high-speed delta-sigma convert- 
ers. ENOB for dc measurements uses 
rms, or the standard deviation of the 
noise calculation with a dc input sig- 
nal. Slower delta-sigma converters use 
this type of measurement. 

In both cases, remember that ENOB 
is a simple although somewhat super- 
ficial figure of merit, but it still has 
its place. So, when you use ENOB to 
make decisions, take time to look be- 
yond the Baily's Beads in your eclipse. 
In some cases, the ENOB value may 
be misleading, when you may have a 
perfectly usable converter for your ap- 
plication.EDN 

REFERENCE 

CI "Baily's beads," http://en.wikipedia. 
org/wiki/Baily's_beads. 

Bonnie Baker is a senior applications engi- 
neer at Texas Instruments and author of 
A Baker's Dozen: Real Analog Solu- 
tions for Digital Designers. You can 
reach her at honnie@ti.com. 
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Design with tiie best: Circuit Protection 




Rplinhlp Flprtrnnir ^nlut{nti<t 



Bussmanii' 




"A website that remembers 
what I ordered. 

That's important. 

Downloadable datasheets. 
That's important, too. 

The best circuit protection 
selection. 

That's critical." 




Desiqn with the best brands 



You'll find the best components and the best information in one site. 
Visit to make the most of the newest 

advances in power management, switching efficiency, circuit protection 
and solid-state illumination. 

Find more at and 1 .800.4.NEWARK 



BY RON WILSON EXECUTIVE EDITOR 




pp] Go to www.edn.com/pryingeyes 
for past Prying Eyes write-ups. 



You can punch out and manufacture 
this cell-phone reference design 




Providing a reference design 
for ultra-low'Cost handsets to 
OEMs in Asia means a lot more 
than sending them a develop- 
ment board and a data sheet- In 
many cases, these companies want a fully 
functioning end product in the right form 
factor, complete with board film. 

The Infineon XMM1013 dual-mode 
handset is a case in point- The design pairs 
an Infineon XGold SOC (system on chip) 
for GSM (global-system-for- mobile) -com- 
munication voice and data service with 
an Atheros (www-atherosxom) AR6101 
802. 11 transceiver for voice-over- Wi-Fi 
applications- 
Keeping the combination of GSM and 
Wi-Fi in a single handset that sells for a 
retail price of less than $100 requires elimi- 
nating any package that can be integrated. 
Hence, this unit incorporates multichip 
packages for memory. The two SOCs also 
require few passive components. 



PMB6294 power 
amplifier 



26-MHz crystal 



7 



XGold 101 



7 



21 -Mbit NOR and 
1 6-Mbit RAM 



J- 



r 



r 



Antenna- 
switch module 



GSM RF connector 



Wi-Fi module 




32-MbitNORand 
1 6-Mbit RAM 



40-MHz crystal 



J- 




Wi-Fi antenna 



Battery-pack connector 



Subscriber-identity 
module-card connector 
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And our 34401 A is now even better looking 



Agilent's 34401 A DMM, 
the long-held industry 
standard, now sports 
a new look along with 
a 9% price cut. And 
the high performance 
3441 OA is 19% less 
than it was before. Take 
advantage of these 
new prices today; go 
to www.agilent.com/ 
find/dmmcompare 























Specification 

Resolution 


34405A 

5/4 digits 


34401A 

6/4 digits 


3441 OA 

61^ digits 
dual display 


34411 A 

6/4 digits 
dual display 


Basic DC 
Accuracy 


250 ppm 


35 ppm 


30 ppm 


30 ppm 


Max Readings/s 
(continuous to PC) 


19 


1,000 


10,000 


50,000 


Connectivity 


USB 


GPIB 
RS-232 


GPIB, USB, LAN 
LXI Class C 


GPIB, USB, LAN 
LXI Class C 


Price 


$745* 


$1070* 


m) \ ,JJJ 

$W5' 


$1,995* 



© Agilent Technologies, Inc. 2008 
* Prices in USD and subject to change 



•0: Agilent Technologies 



Agilent Authorized Distributor 



Tomorrow's Products J 



1-832-4866 www.techni-tool.com/agilent.htm 



"A predictable supply of power, protected 
from faults, is an essential ingredient of an efficient, 
sustainable, manufacturing process." 



Control 
the future 




Welcome to a new era of Electronic 
Circuit Control Technology from E-T-A 



A new reality driven by the need to develop 
innovative circuit protection ideas for the future. 

E-T-A's newest innovation for the protection of 
24VDC power supplies is the ESX10-T - an electronic 
circuit protection device with advanced control 
features and 35nnnn din rail mounting. It offers 
digital status output functions with remote ON/OFF 
and reset control. 

Integrating electronic circuit control technology 
into your next design will enable you to reduce 
downtime, selectively disconnect loads, connect 
inductive loads up to 20,000|jF without nuisance 
tripping, and establish greater stability across 
ambient temperature variations. 



With E-T-A the future looks smart. 




ESXIO-T Electronic 
Circuit Protector 




For more information go to: www.e-t-a.com/future 



Circuit Protection & Control 



Figure 1 A serial interface 
block, such as this PCI 
Express PHY, can carry 
considerable complexity. 



INTEGRATING 
HIGH-SPEED 
SERIAL I/O: 

NO SNAP 

FOR SOC 
DESIGNERS 

BY RON WILSON • EXECUTIVE EDITOR 

EXAMINE THE PROBLEMS AN SOC TEAM FACES 
IN INTEGRATING WHAT MANY SEE AS AN UNFAMILIAR, 
PARTICULARLY DELICATE MIXED-SIGNAL-IP BLOCK INTO 
THEIR ALREADY-CHALLENGING CHIP DESIGNS. 




ancient 



High-speed'Serial'data transfer has 
roots in the worlds of mass storage and com- 
munications. But increasingly, high-speed 
serial I/O is the method of choice for getting 
large amounts of data on and off SOCs (sys- 
tems on chips). System designers are seeing 
high-speed serial I/O as an alternative to the 
wide parallel buses that were common on 
processor chips and SOCs. 
"In our DSP space, high-speed serial started out as chip-to-chip 
interconnect and evolved into use in backplanes," says Ramesh 
Kumar, manager of wireless-baseband infrastructure at Texas In- 
struments. "In basestations, you have lots of data moving around. 



We saw buses go to 64 bits wide and 
then to 100 MHz, but this [increase] still 
wasn't enough to keep up with the data- 
flow needs. 

"So, several generations ago, we of- 
fered high-speed'Serial-I/O pins as alter- 



natives alongside the wide buses. Initial- 
ly, customers looked at the serial links 
and avoided them because of the appar- 
ent difficulties. But that [situation] has 
changed totally now." 

A version of this evolution has tak- 



en place across the SOC industry, as 
fast data flows move from wide buses 
to Rapidl/O, GbE (Gigabit Ethernet), 
HDMI (high-definition-multimedia in- 
terface), or some other serial standard. 
The change has the potential to vastly 
simplify board layout, substantially re- 
duce the energy that data transfers con- 
sume within systems, and avoid signal- 
integrity nightmares. But it is not with- 
out challenges of its own for both chip 
and board designers. 

WHAT'S INSIDE 

Most often, SOC teams implement a 
high-speed serial link by licensing and 
integrating a piece of third-party IP (in- 
tellectual property). Even TPs baseband- 
chip teams, with their substantial re- 
sources, import serial- I/O IP from other 
teams within the company. Design teams 
with no high-speed serial-expertise must 
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license third-party IP from outside, mak- 
ing it vital to understand the contents 
of a technological component such as a 
PCIe (peripheral-component-intercon- 
nect-express) or GbE I/O block. 

The first thing to observe about a fast 
serial'I/O block is that it is not a trivial 
piece of silicon. For a technology such as 
PCIe, just the PHY (physical) interface 
can be large and complex, and it can be 
a significant power sink (Figure !)♦ The 
PHY layer typically contains a local os- 
cillator, a phase-locked loop, and other 
CDR (clock-data-recovery) circuitry; 
handcrafted clock and power-distribu- 
tion networks; and serial-to-parallel-con- 
version logic. The analog portions of this 
block operate at the full clock frequency 
of the data link, which can be 1 to 10 
GHz. In addition to the PHY layer, there 
will normally be a mostly or all-digital- 
protocol-controller block, a mostly ana- 
log-I/O-transceiver block, and often a 
fourth block of supporting circuitry to 
provide supervisory functions ranging 
from power and clock gating, to digital- 
configuration logic, to a microprocessor 
interface. The two digital blocks may be 
synthesizable, but the two mixed-signal 
blocks are not. 

The SERDES (serializer/deserializer) 



Gigabit-speed serial links move 
large quantities of digital data 
across today's telecommunication, 
high-definition video, gaming, and 
data-storage systems. SOC (sys- 
tem-on-chip) designers accomplish 
this data transfer by integrating 
specialized serial-l/0 buffers to 
take advantage of modern serial in- 
terfaces, such as PCIe (peripheral- 
component-interconnect express), 
SATA (serial-advanced-technology 
attachment), GbE (gigabit Ether- 
net), and HDMI (high-definition- 
multimedia interface). Adopting 
these standards is now a require- 
ment, but sending gigabit-speed 
signals from the IC die, into the 
package, and across a system PCB 
(printed-circuit board) can be a 
challenge. 



AT A GLANCE 

□ Increasingly, SOCs (systems on 
chips) are using high-speed serial 
I/O for chip-to-chip interconnect. 

□ Most SOC teams use third-party 
IP (intellectual property) to imple- 
ment the interfaces. 

□ Both selection and integration 
of high-speed serial interfaces are 
challenging. 

□ Success depends on the flexibil- 
ity and robustness of the IP design. 

□ High-speed serial I/O is here to 



stay and probably to proliferate. 




and its associated analog circuitry is nor- 
mally hard IP. "In some ways, this [situa- 
tion] makes integration of high-speed I/O 
simpler," observes Prasad Subramaniam, 
eSilicon's vice president of design tech- 
nology. "You can apply pretty standard 
practices for shielding, isolation, and sig- 
nal integrity and otherwise treat the ana- 
log block as a black box." Whether the 
I/O-transceiver cells are embedded in 
the SERDES or separate, you must treat 
them with care; they can be complex and 
are distinct from standard-library-I/O 
cells, but they are also hard IP. 



The rest of the interface, including 
the protocol controller and most sup- 
porting circuitry, normally are synthe- 
sizable RTL. Thus, the complete pack- 
age would comprise a few synthesizable 
pieces and one or more hard, process- 
specific blocks. 

SELECTING A VENDOR 

Like any other high-performance 
mixed-signal IP, high-speed serial-inter- 
face blocks require careful selection — 
perhaps more care in the choice of ven- 
dor than in the IP itself. Design man- 
agers and IP vendors alike say that the 
difficulty of integrating high-speed I/O 
blocks and the success rate both depend 
heavily on the IP vendor. "When you 
are talking about something like a PCIe 
[generation] -2 interface at 5 GHz, ... the 
IP is running very fast, [and] the receiver 
is operating on very small margins," ob- 
serves Navraj Nandra, director of prod- 
uct marketing at Synopsys. "There are 
many other issues IP vendors must deal 
with, as well. They must have a deep un- 
derstanding of signal- integrity issues and 
detailed knowledge of link termination 
for the interface in question. And these 
high-speed links have to be self-diagnos- 
tic: The IP must include sufficient de- 
sign-for-test provisions." 

Nandra warns that, even with a laun- 
dry list of skills to check off, vendor se- 
lection and evaluation of a piece of IP 
cannot be easy tasks. He divides his view 
of the evaluation process into three ar- 
eas: For I/O that conforms to an industry 
standard, he recommends independent 
compliance testing of test silicon fabri- 
cated in the process you intend to use. 
Nandra emphasizes the importance of 
not inferring anything from a test chip 
that works at a different process node 
or even — when you reach more aggres- 
sive geometries — at a different process 
variant from the same node and found- 
ry. The SERDES is a delicate RE design 
that porting can easily break. 

Second, Nandra suggests getting a 
test chip in your process that contains 
both the interface IP and a program- 
mable noise generator. "You want to get 
a characterization report that describes 
the IP's robustness in the presence of 
digital noise," he explains. 

And, at 65 nm or smaller processes, 
Nandra says, you should see split-lot 
test chips in your process. "You need to 




SIGNAL INTEGRITY FOR SOC DESIGNERS 

By Lawrence Williams, PhD, Ansoft Corp 

Designers should be prepared 
to face: lowpass-f liter design, han- 
dling differential signals, impedance 
matching from end to end of the se- 
rial link, driver rise-time issues, and 
modeling of the link as a complete 
system. 

Designing SOCs with high-speed 
serial interfaces is a new challenge 
for design engineers. By adopting 
new strategies and tools, those en- 
gineers can explore high-density de- 
signs and accurately predict system 
performance. 



AUTHOR'S BIOGRAPHY 

Lawrence WiUiams, PhD, is 
director of business develop- 
ment at Ansoft Corp. Please go to 
www.edn.com/080417df1 for an 
expanded version of this sidebar 
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Graphic Display Value 

Approaching Character Display Prices 

A Display You Can Read From Any Angle 
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Figure 2 Test chips are useful in evaluating IP only if they allow for worst-case condi- 
tions, such as this Synopsys creation with remarkably long wire bonds. 



understand your IP vendor's test-chip 
methodology," he says. "[The vendor] 
should be able to use the test chips to 
discuss with you the impact of process 
variations and voltage variations on the 
design, so you can address these varia- 
tions in the layout-" Nandra and others 
emphasize that the purpose of test chips 
is not to prove that the IP can work un- 
der some ideal set of conditions, but to 
explore its robustness across the whole 
range of conditions your design will en- 
counter. 

Hemant Shah, product-marketing di- 
rector at Cadence, goes further. "The 
only way to feel good about your IP se- 
lection is to model the block in the 
board environment where the chip will 
be used." Shah warns that it does no one 
any good if the IP merely operates cor- 
rectly on the die in loopback mode — it 
must exchange data with other chips 
across the board or backplane. 

Therein lies a problem. Good tools 
exist for modeling the operation of high- 
speed-I/O pins with extracted board pa- 
rameters, but the tools often lack good 
models. (See a condensed version of the 
sidebar "Signal integrity for SOC de- 
signers" on pg 32 and the full version 
at www.edn.com/080417dfl.) "Vendors 
will often offer you IBIS [I/O-buffer- in- 
formation-specification] models," says 
Subramaniam, "but they are minimally 
useful. Some IP vendors offer encrypted 
Spice models." 



Those models help a little more, Sub- 
ramaniam says, but they are still not 
enough to give you an idea of how a piece 
of serial-I/O IP will work with a package 
and board. For one thing. Spice's design- 
ers never intended it for this application 
and certainly not at these frequencies. 
For another. Shah points out, "Transis- 
tor-level models can be accurate, but, 
in practical terms, you can run them for 
only a few hundred bits of data transfer. 
That's nowhere near enough to get an 
idea of bit-error rate, which is a critical 
parameter." 

Cadence has tried to attack this prob- 
lem with an extension of the IBIS stan- 
dard to provide for executable models 
that can accurately represent interfaces 
at these speeds. The company has pro- 
posed the extension to the IBIS commit- 
tee, and Shah says that at least a couple 
of IP vendors are now shipping execut- 
able models they base on the proposal. 
But the idea still has a long way to go be- 
fore achieving wide acceptance. 

Another approach is to get S-parame- 
ter models of the package from the pack- 
age vendor, and extract S parameters 
for the intended board design, and then 
hand this data back to the IP vendor and 
let the vendor characterize its own IP on 
its internal tools. That approach requires 
a certain amount of trust. 

Subramaniam argues that the most 
practical approach is to get test silicon 
from the IP vendor — in your process — 
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put it into your package on your board, 
and measure it- Synopsys has tried to 
shorten this approach by providing test 
silicon in what it considers a worst-case 
wire-bond package (Figure 2) on the 
assumption that if the die works at the 
end of great loops of wire, it will work 
anywhere- "There's 5 nH on some of 
those wires," Nandra says. 

IP INTEGRATION 

Another important factor in IP-ven- 
dor selection is that your chosen vendor 
will be your partner during the integra- 
tion process- And it will be a process- 

"This is a critical mixed-signal- IP 
block," Nandra says. "You will want IP 
that is designed for worst-case placement 
on the floorplan. You will want docu- 
mentation on the kind of guard rings, 
separate power supplies and grounds, 
and clock sources it will require. You 
will want rules and guidelines. Even so, 
support from the vendor is essential." 

Subraminiam emphasizes that many 
SERDES designs require extremely 
clean clock signals. This situation prob- 
ably holds truer with higher bandwidth 



interfaces. "Each SERDES design has 
its own requirements," he says. "Often, 
they require special, custom-designed 
clock-buffer cells in the clock-distribu- 
tion network. These [cells] should come 
with the IP." 

Routing becomes an exercise in sig- 
nal-integrity analysis. "The big prob- 
lems come when you are using multiple 
channels on one die," Subramaniam 
says. "You must do extensive simulation 
of the die/package/board combination. 
And placement, routing, and supply 
provisioning all become factors in signal 
integrity." Subramaniam says that eSili- 
con has developed its own simulation 
tool to deal with the problem. 

As the integration process moves 
forward, dividing up the noise margin 
among the various sources becomes 
something of an art. Often, IP vendors 
give specifications on allowable supply 
noise. But they may not indicate how 
much margin their specification leaves 
for the rest of the system. If you use up 
too much with poor signal- integrity de- 
sign on the die, you can have a surprise 
at the chip level. "You can end up need- 
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ing a package that costs more than the 
die," Subramaniam warns. 

FLEXIBILITY IS A VIRTUE 

All of this advice is great if you know 
in advance the details of the system en- 
vironment. But more often, you don't 
know. What if you can't be sure about 
the package type or the board design? 
Programmability comes in handy in this 
scenario. 

The I/O buffers on many high-speed 
serial blocks provide programmable pre- 
emphasis on the transmitter side and 
equalization on the receiver side, so the 
block can adjust to a range of environ- 
ments. Perhaps the worst-case scenario 
for programmability would be FPGAs 
with on-chip serial interfaces. A sin- 
gle design must handle a small range of 
packages, a large range of interface stan- 
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dards, and a huge range of application 
scenarios- 

Altera's design team focuses on these 
conditions. "We've found that it's easy to 
make a transceiver that mostly works," 
says Misha Burich, senior vice president 
for R&D. "But what you need is a robust 
design that leaves the margin to the cus- 
tomers rather than using it up internal- 
ly." To cover the range of applications, 



Altera designs its own I/O cells with pro- 
grammable pre- emphasis and adaptive 
equalization. "It's very special technol- 
ogy compared to our general-purpose I/O 
cells," Burich says. The Altera team also 
makes huge investments in modeling, 
simulation, and test chips. "We typically 
have two iterations of test chips for the 
I/Os," Burich says. 

So, you spend a lot of time evaluat- 
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ing IP vendors, verifying that real test 
silicon works in your environment, and 
then working with the vendor to inte- 
grate the blocks following all the inte- 
gration guidelines- At that point, what 
are your chances of success? 

"If this is your first silicon at a new 
node, with proven IP, you have a good 
chance of success," says Subramaniam, 
"but not 100%- Not every design will be 
production- worthy on the first try, irre- 
spective of the history of the IP" 

For that reason, Subramaniam recom- 
mends an additional step: evaluating the 
IP not just to fit your application and its 
production history, but for its flexibility- 
"Look for a high level of software pro- 
grammability- Look for good access for 
test and debug, and the ability to change 
all the settings on the critical circuits," 
he says- "To some extent, the more you 
can adjust things, the more you can avoid 
repair. And, just in case, look at the IP's 
internal routing to see how much the 
design can be altered with changes to 
just one or two mask layers." 

For many SOC designers, high-speed- 
serial I/O is here to stay and probably to 
proliferate around the periphery of their 
die. Understanding the risks, the inte- 
gration problems, and the flexibility that 
the chip user will need to meet package- 
cost goals and adapt to the board design 
is vital. Awareness of these factors is not 
only essential to design, but also nec- 
essary to properly evaluate the IP dur- 
ing the selection process. Even so, the 
most important steps may be measuring 
test chips in a realistic environment and 
making the IP work in an unanticipated 
environment. It's an uncertain art, but it 
is an art, not just a gamble.EDN 
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EMBEDDED TECHNOLOGY 



DESIGNERS 
HOOSE FROM 

IE LA 




FABRICS 



As high-performance embed- 
ded systems stretch the lim- 
its of technology, board-lev- 
el interconnection strategies 
require constant updating to 
match soaring data-transfer 
requirements. Designers can 
choose from a series of evolv- 
ing and sometimes competing 
fabric-technology standards to extend system per- 
formance and preserve budget constraints. Medical 
instrumentation, military systems, communications 
installations, and process automation are just a few 
areas in which rising bandwidth, increased process- 
ing requirements, and escalating application com- 
plexity continue to expand the fabric-technology 
envelope. 



EMBEDDED-SYSTEM 
DESIGNERS ARE USING THE 
LATEST SWITCHED-FABRIC 
TECHNOLOGY TO NOT 
ONLY BOOST DATA RATES, 
BUT ALSO DYNAMICALLY 
OPTIMIZE PERFORMANCE, 
BYPASS FAILED SUBSYS- 
TEMS, AND COEXIST WITH 
LEGACY COMPONENTS. 
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New embedded designs traditional- 
ly rely on COTS (commercial off-the- 
shelf) processor and peripheral modules 
from the embedded-computing market- 
place to reduce costs and shorten de- 
velopment schedules. Board standards 
eliminate the trial-and-error design iter- 
ations necessary to get optimal cooling 
performance and mechanical alignment. 
Standards-based designs also shorten the 
software-development effort by provid- 
ing access to compatible operating sys- 
tems, vendor-supplied drivers, and sam- 
ple firmware. Most of the widely used 
embedded-board standards, such as PCI 
(peripheral-component interconnect) , 
VME (Versa-module Eurocard), Com- 
pactPCI, and ATCA (Advanced Tele- 
com Computing Architecture) already 
have several fabric- interconnection op- 
tions so that designers can choose to by- 



AT A GLANCE 

□ With high-speed fabric tech- 
nology extensions, off-the-shelf 
shared-bus architectures continue 
to support today's high-performance 
embedded systems. 



□ Low-voltage swings and point-to- 
point transmission paths allow serial 
switched-fabric systems to extend 
data rates into the multigigabit 
range. 



□ Switched-fabric architectures 
can adapt to system failures by rout- 
ing data around defective paths or 
processing modules while repairs 
are made. 



□ Multiple serial-fabric commu- 
nications options in board-level 
specifications may lead to industry 
fragmentation and product-interop- 
erability issues. 



pass the shared-bus architecture where 
needed. However, as high-performance - 
embedded-system requirements stretch 
the limits of technology, standards bod- 
ies and COTS manufacturers are strug- 
gling to deliver a steady stream of updat- 
ed products to meet the needs of a grow- 
ing list of advanced applications. 

Switched-fabric architectures allow 
datapaths between computing nodes to 
change dynamically to support multiple 
simultaneous data transfers. Designers 
use the term "fabric" to represent this 
architecture, because you can connect 
any node to any other node through 
datapaths that resemble the interwoven 
threads in cloth material. A major ben- 
efit of a switched fabric is that each con- 
nection is a direct point-to-point data 
path. This feature yields better electri- 
cal characteristics, allowing higher fre- 
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Figure 1 The Pentek Model 4207 VME/VXS digital-signal-processing and data-acquisition board features a fabric-transparent cross- 
bar switch and multiple gigabit serial resources. 
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Figure 2 The ATS1 936 ATCA Switch Blade features separate base and fabric gigabit- 
GbE networks plus three onboard AdvancedMC module sites. 



quencies and bandwidth than bus archi- 
tectures- A typical switching fabric uses 
multiple stages of switches to route trans- 
actions between a source and a target. 

DIFFERENTIAL SPEED 

Most of the switched-fabric specifi- 
cations call for LVDS (low- voltage dif- 
ferential signaling) for maximum band- 
width between nodes- LVDS uses volt- 
age swings of approximately 350 mV to 
communicate over PCB (printed-cir- 
cuit-board) traces or a balanced trans- 
mission cable at thousands of megabits 
per second- With this much bandwidth, 
most systems use few parallel lines, opt- 
ing instead for serial-data streams- This 
approach leaves plenty of room for fu- 
ture performance enhancements by sim- 
ply adding parallel datapaths. Low-volt- 
age swings and constant-current-line 
drivers deliver low-noise signals at low 
power consumption. The ANSI (Ameri- 
can National Standards Institute )/TI A 
(Telecommunications Industrial Asso- 
ciation )/EI A (Electrical Industries Asso- 
ciation)-644, and IEEE 1596.3 specifica- 
tions detail LVDS. 

In addition to higher data rates, 
switched fabrics offer designers several 
system advantages. A major benefit is 
that each connection is a direct point- 
to-point datapath, thereby eliminating 
the multiple connections of a parallel- 
bus structure. Another obvious benefit 
of serial connections is the reduced con- 
nector sizes due to fewer signal lines. An 
integrated switched-fabric interconnec- 
tion can also dynamically increase sys- 
tem availability by routing critical data 
around defective paths or nodes. Mul- 
tistage switching allows the designer 
to easily scale interconnections as re- 
quirements change. You can install new 
switch elements along with new I/O 
components so that the system retains 
its interconnection flexibility as the sys- 
tem grows. 

Product compatibility is one of the 
most complicated issues when upgrad- 
ing or extending the performance level 
of board standards. VME and PCI have 
undergone multiple upgrades to increase 
the shared-bus data-transfer rate and al- 
low legacy products to communicate at 
their original speed. Switched-fabric up- 
grades send high-speed data across the 
backplane through edge-card connec- 



tions that are unused in the shared-bus 
configuration. Long-term availability is 
a prime requirement for many high-per- 
formance embedded products. Although 
the average life of desktop components 
is about 18 months, users expect typical 
embedded products to remain in service 
for five years or more. Some military 
projects ask for a 15 -year life cycle. 

PCIe (PCI Express) is one of the more 
popular fabric extensions and sees wide 
use in commercial desktop computers in 
addition to embedded designs. The ba- 
sic PCIe link consists of two signal paths 
that use LVDS swings and constant-cur- 
rent-line drivers to communicate at 2.5 
GT (gigatransfers)/sec in each direc- 
tion. Standards bodies have approved 

INFINIBAND HAS 
BECOME THE FABRIC 
OF CHOICE FOR 
MANY HIGH-PERFORM- 
ANCE COMPUTING 
APPLICATIONS. 

Version 2.0 of the PCIe to increase this 
data rate to 5 GT/sec. However, because 
of the 8B/10B encoding scheme used to 
increase the number of transitions, the 
maximum effective data rate is 4 Gbps. 
You can easily increase the bandwidth 
of a PCIe link by simply adding sig- 
nal pairs, or lanes, until you reach the 
desired performance level. The PCIe 
specification supports one-, two-, four-, 
eight-, 16-, and 32-lane widths. In Au- 
gust 2007, the PCI-SIG (special- inter- 



est-group) announced that the next ver- 
sion of PCIe will support a bit rate of 8 
GT/sec. 

RAPID RESULTS 

RapidIO, which the RapidIO Trade 
Association defines, is also a popular 
point-to-point interconnect technol- 
ogy. Originally conceived by Motorola 
and Mercury Computer Systems, the 
RapidIO packet-switched architecture 
transmits data and control informa- 
tion between computing and peripheral 
nodes in embedded systems. Full-duplex 
point-to-point links have one or four 
high-speed serial lanes and 8B/10B-en- 
coded data transmission at signaling 
rates of 1.25, 2.50, or 3.125 Gbaud for 
peak bandwidth of 20 Gbps. The asso- 
ciation based the initial RapidIO speci- 
fications on bit-parallel clock and data, 
but subsequent specifications have ad- 
opted serialized-clock and -data trans- 
mission to reduce pin requirements and 
extend signal reach. 

InfiniBand, another popular high- 
speed interconnect, has become the 
fabric of choice for many high-perfor- 
mance computing applications. Like 
the channel model that most mainframe 
computers use, all InfiniBand transmis- 
sions begin or end at a channel adapter. 
Each processor contains a host channel 
adapter, and each peripheral has a tar- 
get channel adapter. These adapters can 
also exchange information for security 
or quality of service. InfiniBand uses the 
128-bit Internet Protocol Version 6 to 
uniquely identify each node and provide 
Internet compatibility. InfiniBand trans- 
missions are either packet- or connec- 
tion-based to support blocks or continu- 
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Figure 3 The AM41 00 AdvancedMC 
module supports four lanes of PCIe or 
RapidIO fabric connections for both 
ATCA and MicroTCA applications. 



ous streams of data. The ba- 
sic technology for InfiniBand is 
a bidirectional link consisting of two 
LVDS pairs, providing one transmitting 
and one receiving path, each operat- 
ing at 2.5 Gbps. A usable bandwidth of 
80% of the signal rate yields a 2 -Gbps 
or a 250-Mbps data rate in each direc- 
tion. Higher bandwidth connections are 
possible by grouping four or 12 links for 
each transmission path. With 12 links, 
the effective throughput is 48 Gbps. 

PCIe, RapidIO, and InfiniBand are 
among a number of similar fabric archi- 
tectures now integrated into and spread- 
ing throughout standards-based, high- 
performance-embedded-system prod- 
ucts. For example, CompactPCI, the 
rugged-form-factor equivalent of low- 
cost PCI-based desktop hardware, now 
defines serial-fabric interconnections 
with a series of optional addenda to 
the original specification. CompactPCI 
boards are based on the Eurocard indus- 
try standard defining both 3U and 6U 
board sizes and allow for front-loading 
and removal from a card cage. The more 
popular 6U version has as many as five 
connectors on the rear of the card, allo- 
cating two for the traditional Compact- 
PCI bus; the remaining three connectors 
provide additional pins suitable for op- 
tional connections to backplane fabrics. 
CompactPCI and CompactPCI Express 
are open specifications that the PICMG 
(PCI Industrial Computer Manufactur- 
ers Group) supports and controls. 

Similarly, The VITA (VMEbus In- 
ternational Trade Association) 41 VXS 
(switched serial extensions) append fab- 
ric technology to the venerable VMEbus 
standard and preserve product compati- 
bility. The VXS specification defines a 
payload card, a switch card, and a new 
high-bandwidth PO-backplane connec- 
tor and retains the standard PI and P2 
parallel VMEbus connectors. Each PO 
fabric port consists of two sets of four 




ganged se- 
rial-bit chan- 
nels — one set for 
input data and the 
other set for output data. 
1^ The specified PO connector 
technology supports data rates as 
fast as 10 Gbps for each serial channel. 
Payload cards are simply standard VME- 
bus processor, memory, or I/O boards 
with the addition of the new VXS -fabric 
interface. With no PI and P2 connec- 
tors, switch cards have the same form 
factor as payload cards and include as 
many as 1 8 full-duplex serial connectors 
plus a power connector. The switch card 
contains the fabric switching necessary 
to route serial data between payload 
cards. To remain fabric- agnostic, VITA 
41 subspecifications define switch and 
payload-card definitions for InfiniBand, 
serial RapidIO, GbE, and PCIe. 

ONE SIZE FITS ALL 

Pentek recently released its Model 
4207 digital-signal-processing and da- 
ta-acquisition system, featuring mul- 
tiple high-speed serial interfaces in a 
VXS form factor (Figure 1). This new 
board employs Freescale's MPC8641D 
dual-core PowerPC AltiVec processor 
and a Xilinx Virtex-4 FX series FPGA. 
In addition, a fabric-transparent cross- 
bar switch bridges multiple gigabit-se- 
rial resources, including the PowerPC 
and FPGA, two XMCs (express mezza- 
nine cards), dual VXS ports, dual Fibre 
Channel ports, and two optical serial 
transceivers. The Model 4207 combines 
many standard interfaces and protocols 
including VXS, PMC (PCI mezzanine 
card), XMC, PCI-X (PCI extended), 
PCIe, GbE, RocketIO, RapidIO, Fibre 
Channel, Xilinx Aurora, and VME64x 
technologies, all of which the crossbar 
switch accommodates. Developers can 
take advantage of unused FPGA re- 
sources to implement custom signal-pro- 
cessing algorithms and to process cap- 
tured data in real time. Prices for the im- 
mediately available Pentek Model 4207 
start at $14,725. 
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With a larger form factor, high- avail- 
ability features, and high-speed fabric 
interconnections, the ATCA provides 
a viable off-the-shelf alternative to the 
proprietary equipment common in the 
telecom industry. The ATCA specifi- 
cation provides hot-swap capability for 
all boards and active modules, allowing 
systems to achieve and even exceed the 
elusive "five-nines," or 99-999%, avail- 
ability. The fabric interface provides 
a full-mesh interconnection in which 
each slot has a direct connection to ev- 
ery other slot. Because it has a built-in 
fabric interface, ATCA lacks the legacy- 
compatibility problems of other board 
standards. However, the basic ATCA 
specification does not call out a specific 
fabric technology for data transport. In- 
stead, a series of subsidiary specifications 
define backplane details for the various 
fabrics, such as Ethernet, Fibre Channel, 
InfiniBand, StarFabric, PCIe, and Rapid- 
lO. Although this approach allows de- 
signers to build conforming boards with 
any fabric technology, it creates interop- 
erability issues and promises to fragment 
the specifications. 

Due to ATCAs telecommunications 
focus, GbE is the fabric of choice for 
many system designs, and the ATS 1936 
Switch Blade from Diversified Technol- 
ogy is a good example (Figure 2). The 
ATS 193 6 is a relatively low-cost ATCA 
switch complying with the core PICMG 
3.0 ATCA specification plus the 3.1 
Ethernet-fabric option. The blade fea- 
tures three AdvancedMC (advanced- 
mezzanine-card) sites for operations, 
administration, and management; fire- 
wall; and encryption applications. By 
separating the base and fabric networks, 
the ATS 193 6 provides a separate con- 
trol plane and data plane and provides 
1-Gbit Ethernet switching on the base 
fabric; the expansion paths provide 1- or 
10-Gbit Ethernet switching. The single- 
piece price for the ATS 193 6 is $5245. 

MEZZANINE FABRICS 

To match the bandwidth and perform- 
ance of the baseboard, AdvancedTCA 
designers added replaceable plug- in 
modules with many of the same features 
as the basic architecture. The resulting 
AdvancedMC standard offers designers 
a hot-swappable, field-replaceable mod- 
ule to lower maintenance costs and re- 
duce downtime. AdvancedMC mod- 
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ules feature remote management and 
switched-fabric technology in an ap- 
proximately 3X7-in. form factor. Mod- 
ules come in single- or double-size con- 
figurations with compact, midsize, and 
full-size faceplates. On the intercon- 
nect side, AdvancedMC supports high- 
speed serial interconnects eventually to 
include all of the switched fabrics that 
ATCA allows. The basic specification 
defines a fabric interface with as many as 
21 ports or 42 differential pairs, provid- 
ing full-duplex, point-to-point connec- 
tivity between modules or to the base- 
board. Rated at 12.5 Gbps per port, Ad- 
vancedMC can handle multiple lanes of 
the modern protocols such as Ethernet, 
PCIe, Rapidl/O, and InfiniBand. Sub- 
sidiary specifications map the ports to 
specific fabric requirements. 

With all the high-power, hot- swap, 
switched-fabric, and management fea- 
tures of AdvancedMC, designers de- 
vised a standard to use these modules to 
plug directly into a backplane for small, 
stand-alone systems. The standard, Mi- 
croTCA, provides a stand-alone chas- 
sis with a backplane that directly ac- 
cepts AdvancedMC cards, thereby 
eliminating the ATCA carrier board. 
The MicroTCA specification defines a 
minimum system as a collection of in- 
terconnected elements consisting of at 
least one AdvancedMC module, a car- 
rier hub, and a power module, as well 
as the interconnect, cooling, and me- 
chanical resources to support them. The 
carrier hub combines the control and 
management infrastructure and the in- 
terconnect-fabric resources to support as 
many as 12 AdvancedMC modules. The 
smaller form factor makes the Micro- 
TCA concept viable for lower budget 
applications in telecom and a range of 
embedded projects. 
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Supporting both ATCA plug-in and 
MicroTCA applications, Kontron of- 
fers the AM41 00 AdvancedMC mod- 
ule, which the Freescale MPC8641D 
1.5 'GHz, dual-core PowerPC processor 
powers (Figure 3). The module deliv- 
ers as much as 23'MIPS computing per- 
formance, and its 4'Gbit'Ethernet in- 
terfaces support real-time-transmission 
protocol, checksum, quality-of-service. 



and packet-manipulation activities- The 
AM41 00 includes as much as 2 Gbytes 
of soldered DDR2 --SDRAM, 4 Mbytes 
of bootable NOR flash, as much as 4 
Gbytes of NAND flash, and EEPROM 
for user and configuration data. Two of 
the 4'Gbit interfaces are routable to 
either the module-card-edge connec- 
tor or the RJ45 connectors on the front 
panel. Additionally, the board supports 
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four-lane PCI Express or serial RapidIO 
for high-speed fabric connectivity- The 
AM41 00 is fully hot-swappable, which 
makes it possible to replace the module 
without shutting down the ATCA car- 
rier board or the MicroTCA system. A 
dedicated module-management con- 
troller manages the board and supports 
ATCA-management- interface com- 
mands, which allow operators to more 
quickly detect and eliminate faults at 
the module level. AM41 00 board-sup- 
port packages are available for Linux 
and WindRiver's VxWorks operating 
systems. 

Although several architectures still 
compete for the universal interconnect 
technology, there is little doubt that 
switched fabric has become a neces- 
sary part of most high-performance em- 
bedded systems. Current fabric systems 
have improved to the point at which 
additional gains bump into the physical 
limits of voltage-slew rates, connector 
characteristics, and transmission-path 
limitations. Therefore, the addition of 
parallel lanes will lead to most of the 
data-rate improvements in the future. 
As serial-fabric technologies become the 
limiting factor to system performance, 
designers will head to the laboratory and 
come through with the next-generation 
high-speed data-delivery system. Are we 
ready for optical paths ?EDN 
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BY EUGENE CABANBAN • PLX TECHNOLOGY 



Blind prefetching improves 
PCI Express-to-PCI-bridge 
performance 



STANDARD BRIDGES ALLOW DESIGNERS TO COMBINE THE HIGH- 
PERFORMANCE PCI EXPRESS INTERCONNECT WITH LEGACY 
PCI-BUS ARCHITECTURE. ADVANCED BRIDGE FEATURES, SUCH 
AS BLIND PREFETCHING, BOOST DATA THROUGHPUT 



New high-performance bridging devices, avail- 
able from a number of vendors, enable design- 
ers to migrate legacy PCI-bus designs to the ad- 
vanced PCIe (Peripheral Component Intercon- 
nect Express) serial architecture- These bridges 
reduce the time it takes for data to pass through 
the system, thus minimizing clock-hogging latency- However, 
many of these bridges provide an additional function that fur- 
ther maximizes throughput: blind prefetching. 

Blind prefetching allows the bridge to read a predefined 
amount of data, in sequential addresses, from PCIe memory 
and to buffer the data in the bridge whenever a device on the 
PCI side of the bridge reads one or more double words — data 
types representing 32 bits or 4 bytes — from memory on the 
PCIe side of the bridge- The amount of data the bridge buffers 
is typically more than what the PCI device initially requests- 
When using the blind-prefetch feature, some bridges burst 
as much as 4 kbytes of data in a single transaction, where- 



as conventional PCIe-to-PCI bridges can transfer only one 
double word at a time during normal operation. Each double- 
word transfer requires some setup time to process the trans- 
action, thus adding to the total latency through the bridge. 
The bridge's burst transaction minimizes the setup time and, 
ultimately, the latency to only one transaction. With blind 
prefetching, the initial latency penalty occurs only once 
for every 4 kbytes of transferred data. Therefore, the blind- 
prefetch capability allows for maximum read performance by 
minimizing the latency time for devices reading large amounts 
of sequential data through the bridge. 

For PCIe-to-PCI reads, the memory-read request determines 
the number of bytes to read, and prefetching does not occur. 
However, for PCI-to-PCIe reads, prefetching occurs in the 
prefetchable space for all memory-read commands, including 
memory read, memory-read line, and memory-read multiple, 
that the PCI bus issues. The prefetchable-memory-base and 
limit-configuration registers determine whether to forward 
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Figure 1 A two-double-word memory-read transaction without blind prefetch requires 208 clock cycles to complete. 
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Figure 2 With blind prefetch, a two-double-word memory-read transaction finishes in 1 17 clock cycles. 



prefetchable-memory transactions across the bridge- The pri- 
mary bus forwards memory transactions that fall within the 
range that the prefetchable-memory-base and limit-con- 
figuration registers define. The secondary bus receives these 
transactions downstream, and the bridge ignores the memory 
transactions on the secondary bus that are within the range- 



The primary bus ignores memory transactions that do not fall 
within this range and forwards them upstream from the sec- 
ondary bus provided they are not in the address range that the 
set of memory-mapped I/O-address registers defines or that 
the VGA (video-graphics-array) mechanism forwards down- 
stream. For prefetching to occur, memory-read commands 
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12/24 PPR 


available 


15/17/20/25 mm 


ACZ16 


5/7 mm 


threaded 


knurled /D-cut 


12/24 PPR 


available 


15/20/25 mm 



output waveform 

normal detent option 



J 



_r" 



double detent / PPR option 

At 



t t 

arrows show stable detent positions 



t t t t 



CH A(pinsA&C) 



CH B(pinsB&C) 




horizontal and vertical 
orientations 
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call: 1.800.275.4899 
visit: www.cui.com/incremental 
YOUR SOLUTION STARTS HERE 
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You DESIGIM It 
We BUILD It 

Use the Most Comprehensive Power Design Tools Available 



Custom Module Design System 

Configure a DC-DC converter 
from hundreds of existing 
designs for: 

• Environmental grade 

• Baseplate style 

• Pin options 
or.... 

• Specify your custom design 
and verify its feasibility 
in real time with our 
module design 
simulator 



Vicor Computer Assisted Design 



• Configure your design of Vicor's VIPAC 
and VIPAC Array family 

Specify input voltage, output voltages and power 
levels, mechanical configurations, thermal and 
connection options. 




• Identifies the Vicor product(s) 
that meet your requirements 

DC-DC converters, modular filters 
and front ends, and a broad range 
of AC-DC and DC-DC configurable 
power supplies 



Design Configurators 

• Select a DC-DC converter 
from the broadest array of 
input voltages, output 
voltages and power levels 

• Configure a DC-DC or 
AC-DC power supply up to 
three outputs and 600 watts 



Vicor Systems Product 
Online Configurator 

Easy rapid solutions from Westcor's 
broad product line of AC-DC supplies 

• Configure your specific power supply requirements 

- Outputs 1 to 400 V in 0.1 V steps 

- Up to 20 isolated outputs per supply 

• Get your unique model number online and your 
prototype order can be shipped in 10 days or less 
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must support the blind-prefetch feature- 
This feature greatly improves read per- 
formance because the bridge can burst 
its prefetchable data onto the PCI bus 
whenever the endpoint requests it. 

Figure 1 shows a two-double-word 
transfer without blind prefetch. It takes 
208 clock cycles for the transaction to 
complete from when you first assert the 
frame command. The trans- 
fer separates into two one- 
double- word transfers: The 
TRDY# (transfer- ready) sig- 
nal asserts twice, and each 
assertion is only one clock 
cycle. Each transfer inher- 
its a setup time, which ulti- 
mately adds to the increased 
latency through the bridge. Figure 2 de- 
picts the same two-double-word with 
blind prefetch. The total transfer time 
improves to only 117 clock cycles, from 
208 cycles. Although the two-double- 
word transfer still breaks down into two 
separate transactions, the TRDY# sig- 
nal asserts once for two clock cycles but 
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p~1 Go to www.edn. 
com/ms4270 and 
click on Feedback 
Loop to post a com- 
ment on this articie 



with only one setup time for the whole 
transaction. 

The two-double-word transfer saves 
91 clock cycles, delivering a 44% in- 
crease when using the blind-prefetch ca- 
pability of a PCI-to-PCIe bridge. There- 
fore, the blind-prefetch feature reduces 
latency by nearly 80% when transferring 
4 kbytes of data in PCI-to-PCIe designs 
and enables a fivefold in- 
crease in transfer rate over 
normal operation. 

A number of the PCI- 
to-PCIe bridges now on 
the market implement 
the prefetching algorithm 
by simply configuring the 
blind-prefetch-enable bit 
in the device-specific-control regis- 
ter. This approach enables a memory- 
read command on the PCI bus, allow- 
ing the PCIe memory space to read at 
least one cache line from the PCIe in- 
terface. The bridge can read additional 
double words carrying to 4 kbytes of 
data by setting the PCI-control-regis- 



ter programmed-prefetch-size field. 

To maximize the bridge's read prefetch 
size, you must follow the following 
steps: 

1. Set the maximum-read-request- 
size field in the PCIe device-con- 
trol register to the maximum of 
4096 bytes. 

2. Set the programmed-prefetch- 
size field in the PCI-control reg- 
ister to the maximum of 4096 
bytes. 

3. Set the PCI-bus-latency-timer 
register to FFh to ensure that the 
host does not prematurely release 
the bus. In forward-mode designs, 
you may need to increase the 
PCI-latency timer of the bridge's 
downstream PCI-bus master, sec- 
ondary PCI-latency timer, or 
both to ensure that the device 
does not prematurely release the 
bus. The precise values depend 
on the traffic pattern. 

The maximum-read-request size de- 
fines the upper limit of the programmed- 
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samTec 

www.samtec.com/signal_integrity 




16-Bit, Dual-Channel, 1GSPS DAC 

Flexible Wideband Converter Solution 



High-Performance Analog»Your Way^ 



Applications 

- Basestations (3G, WiMAX, LTE) 

- Software defined radio 

- Military comnnunications 

- Radar 

- Test and measurement 
Features 

- Configurable options: 

• Optional 2x/4x interpolation 

• Low-pass or high-pass filter 
outputs 

• ± Fs/8 or ± Fs/4 coarse mixer 

• 2x - 32x clock multiplying PLL 

• 8 sample input data FIFO 

• Digital offset adjustment 

- Ultra-small 64-lead (9mm x 9mm) 
QFN pkg 

- DAG5682Z wideband output 
driver: OPA695 

- DAG5682Z direct up conversion 
architecture with: 

• TRF370333 - IQ modulator 

• TRF3761 - PLL with integrated 
VCO 

• GDGM7005 - jitter cleaner/ 
synchronizer 




Single-Channel Full BW 

(DAC5681/81Z/82Z) 



16b 
LVDS 




Single 
->1GSPS 
Output 



Single-Channel 2x/4x Interpolate 

(DAC56881Z/82Z) 



16b 
LVDS 



DAC 
A 



Single 
MGSPS 
Output 



Dual-Channel Half BW 

(DAC5682Z) 



16b 
LVDS 




DAC 




DAC 
B 



Dual 
500MSPS 
Output 



Dual-Channel 2x/4x Interpolate 

(DAC5682Z) 



16b 
LVDS 




DAC 
A 




DAC 
B 



Dual 
1GSPS 
Output 
— > 



The new DAC5682Z from Texas Instruments is a 16-bit, 2x - 4x 
interpolating, dual-channel DAC with DDR capable parallel LVDS 
data input that is ideal for a variety of high-bandwidth applications. Its 
ultra-small 9mm x 9mm footprint saves valuable board space and 
is programmable to implement various configuration options for 
unprecedented design flexibility. 



Device 


Number 
of DACs 


Optional Digital Features 


Power 
(typ) 


4xFIR 


2xFIR 


Mixer 


PLL 


DAC5682Z 


2 


Yes 


Yes 


Yes 


Yes 


1400mW 


DAC5681Z 


1 


Yes 


Yes 


No 


Yes 


BOOmW 


DAC5681 


1 


No 


No 


No 


No 


650mW 




www.ti.com/dac5682z 1 .800.477.8924 ext. 13971 

Get Evaluation Modules and Samples 



^JtiX Texas 



Instruments 



High-Performance Analog » Your Way and the platform bar are trademarks of Texas Instruments. 21 07 AO © 2008 Tl 





Evox Rifa and Arcotronics have officially 
joined the KEMET fannily. That nneans, 
nnore than ever, you can rely on us for the 
capacitance solutions you need. Filnn, paper, 
electrolytics, tantalunn, cerannic — and all 
backed by our industry-leading custonner 
service, technical support, on-time delivery, 
custom engineering services and more. For 
anything to do with capacitance, call us at 
The Capacitance Company. Where the entire 
organization is high performance, not just 
the capacitors. 

www.kemet.com/FPE 



TANTALUM CERAMIC FILM ALUMINUM ELECTROLYTIC PAPER 



The Capacitance Company 

KEMET 



CHARGED! 



prefetch size, and the programmed- 
prefetch size is less than or equal to the 
maximum-read-request size- Program 
the maximum prefetch size to the largest 
possible for the transfer without exceed- 
ing the transfer size- If the prefetch size 
is greater than the number of bytes the 
bridge is reading, the reading and dis- 
carding of excess prefetch data will af- 
fect performance. If you require a higher 
speed bus, you can adjust the PCI-bus 
frequency, or you can set the PCLKO 
clock-frequency field in the device-ini- 
tialization register to a maximum fre- 
quency of 100 MHz. 

To maintain optimum performance, 
the anticipated read-burst size on the 
PCI bus must closely match one of the 
programmed-prefetch-size settings of 
the bridge. If the read-burst size is signif- 
icantly smaller than the programmed- 
prefetch size, the bridge must discard 
the unused data after each read. This 
approach can negatively impact read 
performance by generating extra delay. 
Also, varying the read-burst size can 
affect the performance for some read 
transactions. In an ideal situation, the 
endpoint implements reads as bursts 
through DMA control, so that the read- 
burst size is fixed or controllable. 

With multiple vendors offering a new 
generation of PCIe-bridging devices, de- 
signers can extend the lives of and add 
performance to boards and systems based 
on the conventional PCI bus. These 
PCI-to-PCIe migrations are introduc- 
ing design complexities that advanced 
functions, such as blind prefetching, 
can alleviate. Designers with an under- 
standing of such functions can minimize 
development efforts and time to market 
for the next generation of PCIe-based 
systems. EDN 
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Adapt 

to your surroundings, 



Molex's broad line of 
fiber optic adapters 
fits big innovation into 
compact spaces. 

Considered by system designers 
to be the best in the industry, our 
fiber optic adapters ensure a high 
level of optical performance, while 
providing the innovative features 
required to meet today s high 
density system design challenges. 



Molex offers the market s broadest 
range of fiber optic adapters — 
including EMI shielding solutions 
that set new standards for 
protection and reliability Custom 
designed for telecom applications, 
our EMI adapters limit the amount 
of electromagnetic interference 
passing through equipment 
front panels. 

Plus, our fiber optic adapter 
solutions feature an array of 
configuration choices, such as 



space-saving designs, safety 
shutters, colors and various 
mounting options, as well 
as straight and angled cable 
orientations. 

So whether you need simplex or 
multiple ganged ports, or polymer 
or metal housings, Molex has the 
solution for you. And if we don't, 
we can develop one to meet your 
requirements. To learn more about 
our extensive line of fiber optic 
adapters, visit our website today. 



www.molex.com/fiber 



molex 

one company > a world of innovation 



Intersil USB Switches 




Intersil's tiny USB Switch enables 
charging, audio, video, and 
hiigli speed data thirougli a 
single connector. 
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USB 
High Speed 
Transceiver 



L Audio, 
' NTSC, or 
\- PAL Video 





Audio THD 


USB 


Video Diff 


Device 


320(%) 


Speed 


Gain Phase 


ISL54207 


0.06 


480 


0.28/0.04 


ISL54208 


0.06 


480 


0.28/0.04 


ISL54415 


0.007 


12 


0.04/0.03 


ISL54416 


0.007 


12 


0.04/0.03 


ISL54417 


0.007 


12 


0.04/0.03 



C3 



I 



Combined data, audio, 
and video switch 
eliminates either the 
USB or TV OUT 
connector on cameras 
or media players. 
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Audio THD 


USB 


Device 


32Q(%) 


Speed 


ISL54205A 


0.06 


480 


ISL54206 


0.06 


480 ^ 


ISL54400 


0.007 




ISL54401 


0.007 




ISL54402 


0.007 





Go to www.intersil.com for samples, datasheets and support 



Intersil - Amplify your performance with advanced signal processing. 
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Infineon thanks its distributors for all their 
support. We look forward to continuing 
our successful partnerships. 



THINK Semiconductors. 




THINK Customer Commitment. 



THINK Infineon. 
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YOUR FOCUS is on designing innovative products with a partner you can trust. 
Our focus is dedicated to providing you snaart chip solutions to help you succeed. 

TODAY WE DELIVER innovative senniconductors in the areas of energy efficiency, 
communications and security. In energy efficiency, our ICs improve power savings up to 
30% in consumer goods and electronic products, and we lead in semiconductors for 
hybrids. Our communications solutions keep people in touch with data and entertain- 
ment anywhere, anytime. And in security, we provide trusted chips for computers, credit 
cards, phone SIM cards and personal identification. This customer-centric way of doing 
business has made us one of the world's top semiconductor companies with leading 
positions in automotive electronics and communications ICs. 

WHEN YOU think of innovative designs, think about partnering with the company 
committed to your success. Think Infineon. 



www.infineon.com 



Infineon 



©2008 Infineon Technologies Nortli America Corp. All rights reserved. 
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*New product added daily. 
© 2008 Digi-Key Corporation 



Digi-Key Corporation 
purchases all product 
directly from Its original 
manufacturer. 



Quality Electronic Components, Superior Service 



www.digikey.com 

1.800.344.4539 

701 Brooks Ave. South • Thief River Falls, MN 56701 • USA 
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Visit www.futureelectronics.com/sensors and request a catalog 

SENSE THE FUTURE TODAY! 
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The Impact of Technology Advancement on the Channel 



The Lifeblood of the Channel 

A LETTER FROM THE EDITOR 

In the late 1990s, technology was poised to "disintermediate" distributors from the rest of the supply 
chain. Internet technology would allow customers to order products directly from suppliers and enable 
suppliers to seamlessly fulfill these orders at no or little cost. If you are reading this article, you know this 
hasn't happened. Distribution still manages relationships among hundreds of suppliers and thousands of 
customers. True, consolidation means there are fewer distributors in the mix, but those that are on our 
2008 list have survived the worst market downturn to date and have harnessed the Internet as a tool to 
actually improve customer relationships. One of the key functions distributors play in the supply chain is 
the delivery of new technologies from suppliers to customers. Distributors' salespeople and field applica- 
tions engineers undergo extensive training sponsored by suppliers and by their own company. Per the 
Top 25 Electronics Distributors listing. No. 2 distributor Avnet, for example, builds reference designs that 
provide hands-on training for its engineers. No. 6 Newark and its parent Premier Farnell sponsors an 
annual design challenge called Live EDGE (Electronic Design for the Global Environment). 

Energy efficiency represents one of the top opportunities for distributors going forward. European 
regulations are requiring energy-savings from products that use a wide range of electronics. Many prod- 
ucts will require redesign in order to achieve these savings, so distributors have added to their sales force 
and realigned their applications engineers to assist designers. Distributors also target new channels for 
suppliers' products: light-emitting diodes (LEDs) are finding their way into the retail and building supply 
channels. The automotive market — traditionally limited to Tier 1 vendors and their suppliers — is also 
opening up for the channel. More electronics — and a wider array of devices — are going into automotive 
applications, so Tier 2 and Tier 3 vendors, heavy users of distribution, are making inroads in the automo- 
tive supply chain. These trends bode well for the channel, even in the current economic environment. 
Distributors aren't recession-proof, but spending on industrial electronics is less volatile than, say, con- 
sumer spending. And distributors have used technology to their advantage — tight profit margins have 
led to investments targeted at improving efficiency. As long as the channel remains a cost-effective 
means to reach thousands of customers, it will remain a vital link. ■ 

Freelance writer Barbara Jorgensen has been covering the electronics distribution industry for nearly 20 years, 
most recently as a Senior Editor at Electronic Business magazine. 
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CALENDAR YEAR 2007 



% OF REVENUE 2007 



Rank* 


Company Name 


North 
American 
Revenue 
($ millions) 


Total 
Revenue 
($ millions) 


Total 
Change 
06-07 


5-year 
Annual 
Growth 


Public/ 
Private 


Authorized/ 
Independent 


North 
America 


Europe 


China 


1 


Arrow Electronics 


8,586.0 


15,900.0 


17% 


86.0% 


P 


A 


54.0% 


31.0% 


15%(A) 


2 


Avnet 


8,496.7 


16,993.4 


15% 


2.2% 


P 


A 


50.0% 


31%(M) 


19%(AJ) 


3 


Future Electronics^ 


3,662.8 


5,232.5 


15% 


N/A 


PR 


A 


70.0% 


N/A 


N/A 


4 


Bell Microproducts 


1,701.0 


4,050.0 


19% 


14.0% 


P 


A 


42.0% 


44.0% 


0.0% 


5 


Digi-Key Corporation 


771.7 


941.1 


14% 


21.0% 


PR 


A 


82.0% 


8.0% 


1.0% 


6 


Newark^ 


615.0 


627.5 


3% 


N/A 


P 


A 


98.0% 


0.0% 


0.0% 


7 


Nu Horizons 


525.3 


789.9 


9% 


18.5% 


P 


A 


66.5% 


8.5% 


17.5% 


8 


TTI, Inc. 


514.5 


735.0 


-29% 


10.0% 


P 


A 


70.0% 


24.0% 


6%(A) 


9 


DAC 


480.5 


485.4 


2% 


19.0% 


PR 


A 


99.0% 


0.0% 


1.0% 


10 


Converge^ 


462.0 


462.0 


3% 


N/A 


PR 


1 


100.0% 


0.0% 


0.0% 


11 


Carlton-Bates^'^ 


374.0 


374.0 


10% 


N/A 


P 


A 


100.0% 


0.0% 


0.0% 


12 


Sager Electronics^ 


326.1 


329.4 


11% 


N/A 


PR 


A 


99.0% 


1.0% 


0.0% 


13 


Allied Electronics^'^ 


321.8 


325.0 


15% 


N/A 


P 


A 


99.0% 


0.0% 


0.0% 


14 


N. F. Smith & Associates 


301.0 


301.0 


-26% 


N/A 


PR 


1 


100.0% 


0.0% 


0.0% 


15 


Richardson Electronics 


227.4 


554.6 


-8% 


N/A 


P 


A 


41.0% 


26.0% 


30%(A) 


16 


Mouser Electronics 


208.8 


229.4 


18% 


33.3% 


P 


A 


91.0% 


4.5% 


1.5% 


17 


America II Electronics 


188.4 


277.0 


0% 


N/A 


PR 


1 


68.0% 


16.0% 


8.0% 


18 


Fusion^ 


170.0 


200.0 


6% 


N/A 


PR 


1 


85.0% 


N/A 


N/A 


19 


A.E. Petsche Co. 


168.0 


195.3 


19% 


20.0% 


PR 


A 


86.0% 


10.0% 


1.0% 


20 


Dependable Component Supply^ 


157.0 


257.3 


5% 


N/A 


PR 


I/A 


61.0% 


10.0% 


23%(A) 


21 


J ACQ Electronics 


132.0 


203.0 


-23% 


4.0% 


P 


A 


62.0% 


10.0% 


2.0% 


22 


PEI-Genesis 


124.1 


146.0 


28% 


23.0% 


PR 


A 


85.0% 


14.0% 


0.0% 


23 


Advanced MP Technology^ 


105.7 


302.1 


14% 


18.5% 


PR 


1 


35.0% 


25.0% 


25.0% 


24 


Master Distributors 


103.8 


112.8 


11% 


N/A 


PR 


A 


92.0% 


2.0% 


2.0% 


25 


Classic Components Corp. 


99.6 


249.0 


1% 


2.0% 


PR 


1 


40.0% 


27.0% 


31.0% 



NEDA MEMBER 

^ Revenue figures and percentages are Reed Business Information estimates. 
^ Revenue figures are Reed Business Information estimates. 

^ Newark is parent company Premier Farnell's (West Yorkshire, England) main North American presence in electronic component distribution. 
^ Carlton-Bates is a subsidiary of WESCO Distribution. 
^Allied is a subsidiary of Electrocomponents pic. 

^ North America revenue percentages are Reed Business Information estimates 
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Component Distributors 



% OF REVENUE 2007 



India 


Japan 


Dpct nf thp 
World 


Total 
Employees 


Revenue % Revenue 
per Employee From VA 
($ thousands) Services 


Active 
Components 


Passive 
Electromech. 
Interconnect 


Computer 

PrnriiipR/ 
r 1 uuuuio/ 

Systems 


Contract 
Manufacturing Services 


Other 


Web Address 


N/A 


N/A 


0.0% 


12,600 


1,261.9 


70% 


70%(A&P) N/A 


30% 


0% 


0% 


0% 


www.arrow.com 


N/A 


N/A 


0.0% 


12,350 


1,376.0 


N/A 


36.0% 


8.0% 


56.0% 


0% 


N/A 


0% 


www.avnet.com 


N/A 


N/A 


N/A 


5,000 


1,046.5 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


www.futureelectronics.com 


0.0% 


0.0% 


14.0% 


2,200 


1,840.9 


54% 


20% 


0% 


75% 


0% 


5% 


0% 


www.bellmicro.com 


1.0% 


2.0% 


6.0% 


1,876 


501.7 


10% 


39% 


55% 


0% 


0% 


0% 


6% 


www.digikey.com 


0.0% 


0.0% 


2.0% 


1,400 


448.2 


18.7% 13.7% 


49.8% 


9.7% 


0% 


0% 


26.8% www.newark.com 


0.8% 


0.0% 


6.7% 


809 


976.4 


75% 


84% 


8% 


8% 


0% 


0% 


0% 


www.nuliorizons.com 


0.0% 


0.0% 


0.0% 


1,300 


565.4 


65% 


0% 


100% 


0% 


0% 


0% 


0% 


www.ttiinc.com 


0.0% 


0.0% 


0.0% 


760 


638.7 


40% 


0% 


100% 


0% 


0% 


0% 


0% 


www.lieilind.com 


0.0% 


0.0% 


0.0% 


341 


1,354.8 


8% 


80% 


5% 


15% 


0% 


0% 


0% 


www.converge.com 


0.0% 


0.0% 


0.0% 


532 


703.0 


N/A 


0% 


100% 


0% 


0% 


0% 


0% 


www.carlton-bates.com 


0.0% 


0.0% 


0.0% 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


www.sager.com 


0.0% 


0.0% 


1.0% 


650 


500.0 


N/A 


4.4% 


54.2% 


0% 


0% 


0% 


41.4% www.alliedelec.com 


0.0% 


0.0% 


0.0% 


318 


946.5 


0% 


70% 


24% 


6% 


0% 


0% 


0% 


www.smithweb.com 


N/A 


N/A 


3.0% 


1,268 


437.4 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


www.rell.com 


1.0% 


1.0% 


1.0% 


601 


381.7 


0% 


33% 


59% 


0% 


0% 


0% 


8% 


www.mouser.com 


2.0% 


5.0% 


1.0% 


580 


477.6 


5% 


72% 


21% 


2% 


0% 


5% 


0% 


www.americaii.com 


N/A 


N/A 


N/A 


70 


2,857.1 


N/A 


80% 


10% 


10% 


0% 


0% 


0% 


www.fusiontrade.com 


0.0% 


1.0% 


2.0% 


313 


624.0 


9% 


0% 


100% 


0% 


0% 


0% 


0% 


www.aepetsclie.com 


N/A 


N/A 


1.0% 


N/A 


N/A 


18% 


63% 


35% 


2% 


0% 


0% 


0% 


www.dependonus.com 


2.0% 


0.0% 


24.0% 


205 


990.2 


N/A 


54% 


21% 


0% 


0% 


0% 


25% 


www.jacoelectronics.com 


0.0% 


0.0% 


1.0% 


438 


333.3 


70% 


0% 


100% 


0% 


0% 


0% 


0% 


www.peigenesis.com 


0.0% 


5.0% 


10.0% 


215 


1,405.1 


10% 


60% 


30% 


5% 


0% 


5% 


0% 


www.advancedmp.com 


1.0% 


1.0% 


2.0% 


169 


667.5 


14.0% 8% 


73.0% 


1.0% 


18% 


0% 


0% 


www.onlinecomponents.com 


0.0% 


0.0% 


2.0% 


300 


830.0 


3.0% 


62% 


34.0% 


1.0% 


0% 


3% 


0% 


www.class-ic.com 



* Distributors are ranked by calendar year 2007 Nortli American revenue. N/A = Not available 

Revenue figures are gathered from financial filings, company provided information, and Reed Business Information estimates. 
(A) IN ASIA PACIFIC 

(M) INCLUDING MIDDLE EAST AND AFRICA 
(AJ) IN ASIA INCLUDING JAPAN 
(A&P) ACTIVE AND PASSIVE 
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Distributors Taiget Technology 



What do the latest advances mean to the channels 



PW^^ ithout technology, the 
. W distribution channel as 
Ayi we know it today 
* ' wouldn't exist. Electrical 
and radio technology paved the 
way for resellers in the early days; 
later, it was the microprocessor that 
drove the channel's growth. As 
technology continues to evolve at 
an ever-increasing pace, distribu- 
tors embrace these advances to 
serve both suppliers and cus- 
tomers equally. 

"Every aspect of our lives is 
significantly influenced by elec- 
tronics," says Craig Conrad, senior 
vice president at TTI Inc., Fort 
Worth, TX (www.ttiinc.com). "The 
electronic content in everything 
from consumer products to white 
goods to military and aerospace 
continues to grow." 

In particular, distributors and 
suppliers say, the evolving tech- 
nologies most influencing their 
end markets today include energy- 
saving/green products; mobile 
technology/high-speed communi- 
cations; medical/biotech equip- 
ment; and automotive electronics. 
These technologies are driving 
suppliers to develop new products 
and opening doors for distributors 
in both new and existing markets. 

For example, Avnet Inc., 
Phoenix, AZ (www.avnet.com) is 
beginning to support retail busi- 
nesses such as Home Depot and 
Staples. Light-emitting diodes 
(LEDs) — which have been around 
in the industrial channel for a long 
time — are targeting applications 
ranging from signs to high-end 
equipment. LEDs are not only 
energy efficient, but have a longer 
lifespan than traditional products. 
"Various market surveys have 




/ 



established LED market opportu- 
nities have been growing rapidly 
in the areas of architectural, sig- 
nage and illumination lighting," 
according to Andy Wong, senior 
director, segment marketing and 
design services, Avnet EM Asia. 
"With recently rising energy costs 
and the immediate call for a greener 
environment globally, solar panels 
and low-power LED lighting ideal 
for emerging markets." 

LEDs, however, aren't main- 
stream for the consumer market, 
so industrial distributors have an 
opportunity to step in and share 
their expertise. "Some of our 
accounts are completely new cus- 
tomers," says Marc Gsand, vice 
president, marketing, Avnet 
Electronics Marketing Americas. 



We have a separate salesforce 
and experts called 'illumineers' to 
support the LED market," says 
Gsand. 

GOING FOR THE GREEN 

Energy efficiency is being man- 
dated by the European Union 
so many electronics products 
may need to be redesigned in 
order to be compliant. The EU's 
Energy Using Products (EUP) 
mandate aims to improve the 
environmental performance of 
products through lower power 
consumption. This is raising the 
profile of new energy technolo- 
gies such as switch-mode power 
conversion, integrated ICs, effi- 
cient transistors such as MOSFETs, 
resonant switching and synchro- 
nous power rectification. 

Design engineers haven't 
typically been focused on issues 
such as energy-savings and recy- 
clable products, says Gary 
Nevison, director of legislation 
and environmental affairs for cata- 
log distributor Newark, (www. 
newark.com) Distributors can cap- 
italize on this trend by providing 
up-to-date information on man- 
dates, new products and by aiding 
design engineers in their product 
choices. "Engineers are looking for 
reliable sources of information," 
says DeWight Wallace, president of 
Newark. "It's also important to the 
design engineer that product be 
immediately available. They need a 
few devices and they need them 
right away. You have to be compet- 
itive by price, but also offer a solid 
value proposition." 

Advances in the telecommu- 
nications industry are driving 
investment in both infrastructure 



April 2008 D I S T R I B U TO R S TA R G E T T E C H N O LO G Y 59 



The Impact of Technology Advancement on the Channel 



and end-products. Speed and effi- 
ciency are key to supporting 
demand for both wired and wire- 
less communications. "Today there 
are many developments that use 
high-speed interconnect from 
embedded systems to external 
interfaces," says Avnet's Wong. 
"These are RapidIO, XAUl, USB, 
HDMI, etc, just to name a few. 
High-speed serial interconnect is 
the technological milestone that 
marks the shift away from parallel 
data buses. High-speed serial 
interconnect is the answer to ease 



make phone calls, send an instant 
message, get travel information or 
access the Web — all by voice. With 
more advanced speech recogni- 
tion, foldable screens and e-paper 
displays will replace traditional 
keyboards and monitors. 

The U.S. will be one growth 
area for this technology, market 
watchers say. "After being eclipsed 
by Japan, South Korea and Europe 
in terms of advanced mobile 
handset features in recent years, 
U.S. consumers finally are embrac- 
ing more sophisticated phones," 



Application of Technology In The Channel 

The National Association of Wholesaler-Distributors (NAW) polled distributors, 
manufacturers and customers on dynamics affecting the future. The NAW asked: 

By 2006, will the biggest impact of technology be on the automation 
o f wholesaler-distributors internal operations? 





PERCENTAGE OF RESPONDENTS 




Unlikely 


Not sure 


Likely 


Manufacturers 


9% 


12% 


79% 


Wholesaler/Distributors 


6% 


7% 


87% 


Customers 


6% 


14% 


80% 



SOURCE: NAW/Pem broke Consulting 



the signal congestion issues that 
designers are facing. This change 
is driven by the industry to nneet 
systenn cost and systenns scalability. 
With the advancennent of silicon 
technology and shrinking of sili- 
con geonnetry, it has enabled ease 
of adoption for high-speed serial 
interconnect at nnulti-gigabit rate 
to replace traditional parallel 
architecture." 

Dennand continues to 
increase for nnobile technologies 
that deliver voice, video and text 
to both personal and autonnobile- 
based devices. Custonners are 
looking for data delivery at speeds 
faster than conventional 3G 
nnobile service and carriers are 
looking for services that are 
cheaper to innplennent using 
newer, more efficient technology. 
Custonners want the ability to 



said Greg Sheppard, chief develop- 
ment officer at market researcher 
iSuppli Corp. "This is having a 
major impact on the global com- 
petitive landscape of the wireless 
business." 

THE AMAZING SHRINKING 
EQUIPMENT 

As component footprints become 
smaller and smaller, end products are 
shrinking as well. Big items, such as 
medical equipment and instrumen- 
tation fall into this category. "High- 
end medical equipment and security 
equipment — traditionally expensive 
and big — is becoming portable and 
handheld," says Avnet's Gsand. In 
addition to consuming more and 
smaller components, this type of 
product hits another sweet spot for 
distributors and suppliers, says Eric 
Sussman, director of distribution. 



Americas, for Molex Inc., Lisle, IL 
(www.molex.com) "We are seeing a 
lot of opportunity in medical equip- 
ment — custom products for business 
that will stay in North America." 

Displays are also getting inte- 
grated into this kind of equipment 
and finding other new applica- 
tions. Screens are getting smaller 
and are improving in quality. 
"High-end graphics are available 
on small form factors so devices 
that previously had no displays 
can now use them," says Gsand. 
"The silicon driving the displays is 
also better; even in low-end LCDs 
the brightness of the light and the 
view of the display is incredible. 
Refresh times are getting better, 
so this has enabled displays to be 
integrated into lots of additional 
products." 

The small/medium display 
market posted a great year in 2007, 
reports iSuppli. For the first time in 
many years, the pricing situation 
improved for displays with diago- 
nal dimensions 10-inches or less in 
size due to healthy demand from 
applications that use such screens, 
including mobile handsets. 

"Beyond just prices stabiliz- 
ing in 2007, some prices actually 
increased and many companies 
enjoyed healthy quarterly results 
in the fourth quarter," said Vinita 
Jakhanwal, iSuppli's principal ana- 
lyst for mobile displays. 

TECHNOLOGY TAKES 
TO THE ROAD 

Many of these innovations — 
smaller components, mobile tech- 
nology, better displays — are all 
converging into automobiles. 
Although the auto industry 
remains a demanding customer, 
auto companies need electronics 
experts for a variety of reasons. By 
some accounts, the automotive 
market is becoming more accessi- 
ble to electronics distributors. "It 
used to be in automotive: unless 
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you sold to the big Tier 1 suppliers 
you didn't play in that market," 
says Avnet's Gsand/'But with all the 
sensing and control functions that 
are being integrated [into autos], a 
lot of the car is being controlled 
and driven by Tier 2 and Tier 3 
guys. What we are selling are com- 
plex and expensive solutions." 

Suppliers already are looking 
at adjacent markets for growth. 
"We need to widen our sales 
opportunities to non-traditional 
markets beyond auto," says 
Molex's Sussman. Distribution, he 
adds, will play a leading role in 
Molex's growth plans. 

"We have developed oppor- 
tunity tracking documents with 
each of our five core distributors to 
monitor our success with cus- 
tomers in [Molex's targeted] areas. 
Distribution already has ap- 
proached these account bases or 
has associated sales with non-com- 
petitive lines that we can develop a 
synergistic sell, "Sussman says. 

TECHNOLOGY IN-HOUSE 

One of the channel's biggest roles 
in the market is acting as a con- 
duit of information between sup- 
pliers and customers. The channel 
has adopted the Internet as a 
major means of communication. 
"We have designed our Website so 
that engineers can find products 
easily, and with technical data 
sheets that supplement the sup- 
plier's data and provides technical 
support," says Newark's Wallace. 
"We've been ramping up so that we 
now have technical support offer- 
ings for second and third-tier cus- 
tomers as well." Newark also holds 
quarterly technology-focused sem- 
inars in product areas such as 
wireless and industrial. 

Many distributors are re- 
aligning their sales forces and 
technical support by technology 
rather than by vendor. For exam- 
ple, instead of having an FAE that 
supports Texas Instruments or 



Analog Devices, FAEs are now DSP 
experts. This eliminates redundan- 
cies and makes better use of exist- 
ing resources, says Avnet's Gsand. 

Avnet is also reaching out to 
customers by building boards that 
focus on a particular function or 
solution. Avnet draws upon its 
wide vendor-based to mix and 
match components that provide 
the best solution, rather than 
designing a board around a spe- 
cific vendor's product. Avnet also 
provides seminars on these de- 
signs, giving customers a "real- 
world" situation rather than refer- 
ring to schematics. 

The channel has also adopt- 
ed technology to better serve cus- 
tomers and increase efficiencies. 
Distributors long ago began tack- 
ling the problem of tracking com- 
ponent designs and sales by 
developing proprietary software 
and computer systems. Since dis- 
tributors derive most of their rev- 
enue from volume sales, it's imper- 
ative that they be able to capture 
that sale even if the design is done 
in the U.S. but product is manufac- 
tured in the Far East. 

Wireless communications 
has also been adopted in the 
channel; distributors' salespeople 
use laptops, PDAs and other 
devices to keep abreast of cus- 
tomer developments in real-time. 
For example, if a distributor sales- 
person calls on a customer, he or 
she can access that customer's 
account; find what they have pur- 
chased in the past; where their 
account currently stands; and 
other relevant information. This 
kind of preparation not only 
saves both the distributor and 
customer time, but helps pin- 
point up-and-coming products 
that the customer may want to 
use in future projects. 

Technology is also aiding the 
channel in increasing efficiencies 
in-house. "Facing the Forces of 
Change,"a study conducted by the 



National Association of Wholesaler 
Distributors, reports that the 
biggest impact technology will be 
on the automation of wholesaler- 
distributor internal operations (see 
chart). 

THE BOTTOM LINE 

So what are the implications for the 
channel going forward? Although 
the U.S. economy is expected to be 
challenging in the short-term, tech- 
nology will continue to evolve. The 
electronics content in consumer 
items, white goods such as refriger- 
ators, washers and dryers; automo- 
biles; military and aerospace equip- 
ment; medical and test instruments 
and even in gasoline kiosks will 
continue to increase. Although dol- 
lar sales may not increase, distribu- 
tors report unit sales and ship- 
ments are healthy. 

Distributors' use of technology 
has made the channel healthier 
since the last industry downturn. In 
the middle of the first quarter of cal- 
endar 2008, inventory levels in the 
channel were in good shape,distrib- 
utors and their suppliers report.This 
will help the channel avoid the type 
of inventory glut that happened in 
the 2001-2002 timeframe. 

Nevertheless, 2008 will be a 
challenge. "The economy does 
have an impact on our business, 
especially as more of our busi- 
ness is driven off of consumer 
spending," says Jeff Newell, 
director, Americas Business oper- 
ations for Dallas-based Tl 
(www.ti.com). "Historically our 
industry has been more tied to IT 
spending and telecom infrastruc- 
ture, but over the last few years 
we have seen a bigger piece of 
our business tied into consumer 
products. Should consumer spend- 
ing wane, or more of our financial 
bellwethers go into a bad place, we 
could see a recession this year. My 
guess is that we will skirt the 
edges and come out of our eco- 
nomic funk in early 2009." ■ 
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Up and Coming Technology 
Developments to Watch 

Energy conservation efforts will drive distribution opportunities 



nhe distribution channel 
has the unique distinc- 
tion of bridging the gap 
between supplier prod- 
ucts and end-market demand. As 
such, the electronics channel must 
exhibit in-depth knowledge of sup- 
plier products; demonstrate that 
knowledge to customers; and tar- 
get end-market applications that 
represent the best opportunities 
for both suppliers and distributors. 

Technology evolution not 
only drives the development of 
new markets for electronics; it 
strives to make products better, 
faster and more cost-effective. 
External trends also influence the 
direction technology takes. 
Currently, directives such as the 
European Union's Energy Using 
Products Directive (EuP), which 
mandates energy conservation 
measures in electronics products; 
pressure for better safety features 
in automobiles; and demand for 
engineering support and service 
present challenges and opportu- 
nities for the entire electronics 
supply chain. 

ENERGY-SAVINGS/ 
ENVIRONMENT 

Products targeting energy conser- 
vation and environmental-friend- 
liness top the "up and coming 
technologies" list. The European 
Commission, says Gary Nevison, 
director of legislation & environ- 
mental affairs for catalog distribu- 
tors Newark and Farnell, will be 
looking for energy savings from 
the following list of products: 



• Public street lighting; office 
lighting and domestic lighting 

• Battery chargers and external 
power supplies 

• Personal computers (desktops 
& laptops) and monitors 

• Consumer electronics: 
televisions 

• Domestic refrigerators and 
freezers 

• Domestic dishwashers and 
washing machines 

• Boilers and combi-boilers 
(gas/oil/electric) 

• Water heaters (gas/oil/electric) 

• Imaging equipment: copiers, 
faxes, printers, scanners, 
multifunctional devices 

• Commercial refrigerators and 
freezers: chillers, display 
cabinets and vending machines 

• Residential air conditioning 
and ventilation appliances 

• Electric motors, water pumps 
(in commercial buildings, 
drinking water, food, agricul- 
ture) circulators in buildings 
and ventilation fans 
(non-residential). 

In order to achieve energy conser- 
vation, many products will have to 
be redesigned, Nevison says. This 
will not only require new breeds 
of components, but a higher level 
of support for design engineers. 
Engineers, says Nevison, are accus- 
tomed to designing products for 
performance, but not necessarily 
for recycling. Distributors are step- 
ping up their efforts to not only 
supply product data but the kind 
of information that helps designers 



make informed product choices, 
says DeWight Wallace, president of 
Newark. 

Some of the solutions the 
industry has to offer are familiar. 
Light-emitting diodes (LEDs) are 
smaller, longer-lasting and more 
energy efficient than fluorescent 
and other kinds of lights. LEDs 
have been used in industrial appli- 
cations for many years but are 
now being used for signs and in 
buildings. In some cases, this 
means calling on non-traditional 
customers such as retail stores or 
construction suppliers and con- 
tractors. The industrial channel's 
familiarity with these products 
should be an advantage in these 
markets. 

Batteries are another ubiq- 
uitous product playing a role in 
energy savings. "There is a lot of 
progress being made in battery 
life and power," says TTI Inc.'s 
Michael Knight, vice president, 
corporate product management 
and supplier marketing. "These 
improvements expand the need 
for many [existing] passive prod- 
ucts, as well as drive the need for 
many new passive products. 
Examples include current sense 
resistors, power inductors, circuit 
protection and current and volt- 
age regulation components, and 
high capacity/small form factor 
capacitors." 

Also in this category are bat- 
tery substitutes such as the new 
ultra capacitors that have similar 
cycling and discharge capabilities. 
Knight adds. 
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Other new technologies that 
support energy savings, says 
Nevison, are switch-mode power 
conversion; integrated ICs; effi- 
cient transistors such as MOSFETs; 
resonant switching and synchro- 
nous power rectification. 

TTI's Knight points out that 
market opportunities don't end 
with products designed specifical- 
ly to save energy. The components 
that support these technologies 
on a circuit board are also in 
demand. "Regulations that man- 
date things like greatly reduced 
power draw when an electronic or 
electrical devices is hibernating or 
turned off, also increase the num- 
ber of caps, resistors, filters, and 
inductors used in the power cir- 
cuits within a stand-alone power 
supply, or on the power supply 
portion of a printed circuit card," 
he says. "In addition, these 
requirements are fueling the 
growth of an integrated solution 
from companies such as Power 
Integrations, On Semi, and ST 
Micro who are doing in silicon 
what a greater number of the dis- 
crete caps/resistors/inductors are 
being used for today." 

TRANSPORTATION 
AND AUTOMOTIVE 

Distributors say the automotive 
market is beginning to open up 
forTier 2 and Tier 3 suppliers — the 
kinds of customers distributors 
have been calling on for a long 
time. "As vehicles of all kinds [cars 
to tractors] acquire an ever 
greater electronic content, and 
the companies who make them 
come under ever greater global 
economic and competitive pres- 
sures, manufacturing outsourcing 
is accelerating and fragmenting 
into different, specialized levels" 
says Knight. As the supply chains 
stretch and the number of con- 
tract manufacturers involved 



expand, the supply chain services 
of distribution all of a sudden 
become much more relevant and 
useful to this market segment, he 
explains. 

"TTI is seeing an increasing 
level of interest from customers 
and electronic component suppli- 
ers in this space who would not 
have given us the time of day a 
few short years ago," says Knight. 
"We've built a team of subject 
matter experts who come from 
these industries and work across 
our local branch structures to pro- 
vide tech support and training to 
our sales teams who have these 
customers in their territories. This 
group speaks the language, 
understands the applications, and 
knows how to match our suppliers 
offerings to these customers' 
needs." 

Products that are finding 
wider use in the automotive mar- 
ket include sensors; microcon- 
trollers; batteries; flash memory; 
MEMS; and networking devices. 

MILITARY AND COM- 
MERCIAL AEROSPACE 

More and more components 
developed for the commercial 
marketplace are finding their way 
into military and aerospace appli- 
cations. "Although we do not man- 
ufacture military products, com- 
mercial off-the-shelf parts are now 
widely used in military bills of 
material," says Eric Sussman, direc- 
tor of distribution, Americas, for 
Molex Inc. Distributors are looking 
to harness the technology 
advancements they've made in 
inventory management, supply 
chain and value-added services. 

"These are important market 
segments to distribution," says 
TTI's Knight. "The electronic con- 
tent continues to increase in com- 
plexity and deployment, even in 
things like tanks. Outsourcing, 



complex supply chains, and strong 
demand have made these seg- 
ments very dependent on elec- 
tronic component distribution." 

TTI is responding by hiring 
program managers who know the 
market drivers and players and 
can help the distributor translate 
that information into inventory 
stocking plans and supply chain 
sales plans, he says. These man- 
agers also provide information to 
suppliers which help them to 
decide where to invest in capacity 
expansion. "Our military /aero- 
space business in North America 
could reach 30% of the total when 
all of the product we sell into the 
EMS sector, for mil/aero applica- 
tions, is considered," says Knight. 
"On the connector side, the inven- 
tories and assembly services that 
distribution is maintaining in mil 
circulars is providing a critical 
buffer between the customers and 
a group of suppliers that basically 
run as job shops." 

Finally, one of the more 
unusual developments distribu- 
tors will be keeping an eye on is 
the role of software. Increasingly, 
says Marc Gsand,vice president of 
marketing, Avnet Electronics 
Marketing, Americas, "software is 
a big issue. Traditionally, most 
designs were done by hardware 
engineers and topped off by soft- 
ware. Today, maximizing the per- 
formance of a chip requires soft- 
ware." It's unlikely distributors 
will be called upon to write soft- 
ware code, but customers are con- 
sulting Avnet about software, he 
says. "Customers are buying the 
same chip, but those that can 
manipulate the chip the best are 
looking to talk with software 
implementers at Avnet." 
Increasingly, he says, customers are 
looking for solutions that mix and 
match the best of hardware — and 
software. ■ 



516 DISTRIBUTORS TARGET TECHNOLOGY April 2008 



/I AN9tecrr( 



'mfm^:imi'^-'-<^^SS^V^ ' ...yf^m^^ ■ _iTT iLECl ICR* # f SLECtonFrechn. 



Altex-MARLKtti 



'mnv L ANALC 



"electn 
Web [ 



:ARK MERsol3^^nf2^?ja^ 




ITT flCI 



„ ^>eg^ ^^^^ 



-"i OURIA^^f&cfta 

Allex-MA R K "4 ^ Uaae. 



^^J\ffD4 promotes the interests of authorized distribution better than anyone could on their own/^ 

NEDA members tackle major issues together such as environmental compliance, packaging and labeling, 
counterfeiting and specialty metals legislation. NEDA speaks with authorit/ on matters that really affect 
your business. It pays to be part of the voice. Join NEDA today. 




Supplier Authorized 

Distributors 



''The Voice Of Authorized Distribution" 

Visit the Nationai Eiectronic Distributors Association online @ www.nedassoc.org. 



iV \\ /// ////i-W// 

The Impact of Technology Advancement on the Channel 




Technology and Compliance 
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that have been imposed by both U.S. and foreign governments. Find out how distribution customers ranked 
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The Impact of Technology Advancement on the Channel coverage continues online. 

To access this supplement's articles and the Technology and Compliance article, complete with distributor 
profiles highlighting expertise and industry solutions, go tO WWW.edn.COm/top25dlstrlbutors 



S18 DISTRIBUTORS TARGET TECHNOLOGY April 2008 




YOU NEEDTHE RIGHT COMBINATION OF 
PRODUCTS AND PRODUCTIVITY 

YOU NEEDTHE RIGHT SERVICES AND 
SOLUTIONS TO MATCH. 

YOU NEED CARLTON-BATES. 



For more than 50 years, Carlton-Bates has provided outstanding prod- 
ucts, customized services and assembled solutions to leading electronic 

and industrial companies. We serve a wide variety of business sectors, so 

chances are we can help you with your specific needs. 

Carlton-Bates offers world-class products from over 360 brand names and 
an inventory of 80,000 parts. From switches and relays to entire industrial 
control and automation solutions, we're well- equipped to serve you. 

Because at Carlton-Bates, what you need is what we've been about - right 
from the very beginning. 



www.carltonbates.com I 866-600-6040 




• CARLTON-BATES 



A SUBSIDIARY OFWESCO DISTRIBUTION, INC. 



Stan didn't cail TTI 



He followed a forecast that 
didn't show a need for deep 
IP&E Inventory. 

The forecast was off. 




With TTI, you get instant access to 
the broadest and deepest IP&E 
inventories. And, we offer supply 
chain programs that can easily 
withstand changing forecasts. 
Not only do you get instant access 
to deep IP&E inventory that spans 
85% of your bill of materials, 
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your IP&E needs and get what 
you need, when you need it. 
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How to maximize application 
payload with a minimal 
machine-code footprint 



LEARN HOW TO ANALYZE A TRADITIONAL ALGORITHM 
TO DRASTICALLY REDUCE THE MEMORY FOOTPRINT 
AND GENERATE PROCESSOR-FRIENDLY MACHINE 
CODE FOR A TYPICAL AUTOMOTIVE APPLICATION. 



Automotive designers of vehicle subsystems are 
always scouting for novel ways to extract maxi- 
mum value from minimum resources- Embed- 
ded'System designers for automotive-electron- 
ics systems have no other choice than to stuff 
the maximum number of functions into a min- 
imal code footprint- This article, apart from revealing some 
tricks of the automotive-embedded-system trade, mainly high- 
lights some clever techniques for replacing a bulky and ineffi- 
cient code segment with a slim and efficient one. 

A typical automotive-control application consists of many 
real'time control loops based on mathematical models of 
physical quantities, real-time phenomena, and control strate- 
gies- Because shoestring budgets do not allow the use of costly 
DSPs, automotive designers must resort to a data-driven ap- 
proach for implementing math functions- Values of the math 
functions reside in memory as parameters of the input vari- 
ables. Figure 1 shows a function of two variables — throttle 
and engine speed, for example — stored as a 2-D look-up table. 
This approach allows a simple, low-cost, 8-bit microcontroller 
to emulate a complex math function. 

Table 1 shows a sample function as an 8 X 8-entry look-up 
table, or "map," in automotive parlance. Note that each of the 
eight points for both axes serves as an index of the look-up ta- 
ble. Most functions are usually more complex, requiring a ma- 
trix of approximately 16X16 entries. A typical control loop de- 
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TABLE 1 SAMPLE FUNCTION 
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Figure 1 A 2-D look-up table stores a typical math function of two 
input variables. 



rives its setpoints from such a math function. Adaptive propor- 
tional-integral controllers within the control loop use similar 
look-up tables for the proportional and integral parameters, so 
these parameters adapt themselves to system dynamics in real 
time. Figure 2 shows the complete control loop, including set- 
point generation, for controlling a valve opening in real time. 
A typical automotive application involves many such control 
loops. More complex math functions require maps with three 
or more dimensions. These maps depend on series of multiple 
inputs, such as barometric pressure, coolant temperature, and 
air temperature. 

The embedded code in such an application must access the 
map data by acquiring real-time inputs, such as throttle-us- 
age percentage, engine speed, and coolant temperature, and 
then must use these inputs to perform a binary search that de- 
termines the row and column indexes of the maps. The code 
then accesses the maps to instantaneously obtain setpoints or 
proportional- and integral-control param- 
eters. You repeatedly perform these steps in 
a control application; doing so optimizes 
this code and pays huge dividends in reduc- 
ing the unproductive aspects of your appli- 
cation. 

The secret behind this reduction involves 
analyzing an assembly listing of the embed- 
ded C code and sometimes revisiting an al- 
gorithm to make it more digestible to a pro- 
cessor. Engineers with strong hardware back- 
grounds can easily identify the bulky assem- 
bly code. An in-depth postmortem analysis 
of the culprit code fragments in an assembly 
listing can uncover many useful concepts. For 
example, 8-bit compilers typically increase 
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the code footprint when they must carry or borrow to account 
for results that might exceed 8 bits- Alternatively, you can make 
assembly code more efficient by using shifts and additions to 
replace routine arithmetic when feasible- Accessing a 2-D map 
using two indexes involves S-bit multiplication with many car- 
ries, which gobbles up lots of code real estate- When possible, 
use a bit'Set or -reset operation to replace arithmetic operations, 
such as bisection and averaging. 

FINDING THE CULPRITS 

You can use some tricks to detect and replace the culprit 
code. Consider a map of a 16Xl6'entry look-up table with 



MAPS FOR 
PROPORTIONAL 
AND INTEGRAL 
PARAMETERS 



ENGINE RPM 



SETPOINT 
MAP FOR 

VALVE 
OPENING 



THROTTLE- 
USAGE 
PERCENTAGE 



PROPORTIONAL- 
INTEGRAL 
CONTROL LOOP 



VALVE 



VALVE-POSITION FEEDBACK 



Figure 2 A typical automotive-control loop uses a proportional 
and integral controller. 
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Figure 3 The bit-set/reset algorithm simplifies binary search of 
an array. 
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TABLE 2 BIT-SET/RESET-BASED ALGORITHM FOR SMALLER CODE FOOTPRINT 



a harmless'looking C 
statement: Data = Map 
(Rowlndex, Column- 
Index);. This statement 
generates approximate- 
ly 25 lines of assembly 
code- The 8-bit com- 
piler treats the collec- 
tion of the map's data 
points as a 256-element 
array. It computes the 
array index by perform- 
ing lengthy 8-bit multi- 
plication, considering a 
carry at every possible 
addition. 

A smarter approach 
uses the fact that both 
row- and column- index 
would always be 4 bits; 
hence, a simple nibble 

concatenation would reduce the code down to six assembly 
lines. The trick lies in declaring a map as a single array of 256 
elements in C code and using two C statements to access the 
map: 

//Shift Rowlndex by four and add Columnlndex to obtain 
Data 



INO. 


Traditional 
algorithm 


Assembly 
lines 


Bit-set/reset 
algorithm 


Assembly 
lines 


Remarks 


1 


Initializations 


Three 


Initializations 


Three 
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While statement 


Four 


The traditional appro^^f 
uses oomparison. 


3 


lndex=low+(low+high)/2 


14 


index |= array_mask 


Two 


In the heart of algorithm, 
the traditional algorithm 
proves most inefficient. 




If (A(index)<value)low= 
index +1 ; else 

hinh=inHpY-1 


15 


If (index>array_ 
length) index '^=array_ 


Six 


You can omit six lines for 
the array-length compari- 
son if thp 3rrp\/ Ipnnth iq 

o^i 1 II 11 iv7 di 1 dy loiiLjLii lo 

an integer power of two. 








If (A(index)<value)ind 
ex'^=array_mask 


10 


I 1 










Two 




5 


Total lines 


37 




27 


28% saving with 
new algorithm H 



Maplndex= (RowIndex<<4) + Columnlndex; 
Data=Map (Maplndex);. 

The clever use of nibble shifting in Rowlndex in effect per- 
forms multiplication by 16 to obtain Maplndex= 16XRow- 
Index + Columnlndex. 
If you have an oddly dimensioned 10X11 -entry map, you can- 
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not use a simple nibble-shift, but you can 
use multiplication by 10 without needing 
to perform tedious S-bit arithmetic: 
RowIndexIntoZ =RowIndex< < 1 ; 
RowIndexIntoS = RowIndexIntoZ < < 2 ; 
Rowlndexinto 10= RowIndexIntoS + 
RowIndexIntoZ ; 
Maplndex = Rowlndexinto 10 + 
Columnlndex; 

Maplndex = (Row X (8 + 2) + Column) 



Data = Map (Maplndex); 
You achieve this multiplication using 
a simple shift-and-add operation, caus- 
ing substantial savings in machine-code 
footprint- 

Every map access requires two index- 
es that you obtain by performing an in- 
dex search. Consider the map in Table 
L If the real-time-input values for the 
engine's speed and the throttle-usage 



percentage are 1250 rpm and 45%, re- 
spectively, the row index should be five, 
and the column index should be four. 
Most popular binary-search algorithms 
use progressive bisection to zero in on 
the final index. Listing 1 at www.edn. 
com/08041 7ms4278 gives the tradi- 
tional approach. When applying List" 
ing 1, assume a 250-array element with 
a low of zero and a high of 250. The al- 
gorithm continues to bisect the search 
interval and evaluates both halves 
to see which one of them contains a 
match. The "winning" half becomes the 
new and smaller search interval for the 
next iteration until you find the clos- 
est match. You can use this traditional 
algorithm for reducing your code foot- 
print. Obvious culprits are lines such 
as index = low +( low + high )/2, which 
contains two additions and one di- 
vision. The while statement, while 
(low^high), embeds some less obvious 
hidden devils. 

This process again involves using the 
compiler to perform 8-bit arithmetic. 
Listing 2, available at www.edn.com/ 
080417ms4278, produces a smaller ver- 
sion of the code footprint. It uses the 
same "divide-and-conquer" theme, ex- 
cept that, this time, the division is pro- 
cessor-friendly. You initialize the search 
index to zero. Then, assuming an array 
length of 128 to 255, you set the most 
significant bit of the index to one to ac- 
cess the 128th element of the array and 
compare it with the input data. Depend- 
ing on the outcome of the comparison, 
you either reset the bit or leave it at one. 
This approach selects the winning half 
as the next search interval. You also re- 
set the bit if the index formed after set- 
ting the bit is out of range. This scenario 
does not occur if the array length is an 
integer power of two. The next iteration 
sets the next bit to the right, yielding an 
index of 1 100 OOOOh or 0100 OOOOh, de- 
pending on the outcome of the previous 
iteration. Each iteration progressively 
determines the value of the next bit to- 
ward the least significant bit. Electron- 
ics engineers familiar with the hardware 
concepts of analog-to-digital conversion 
will appreciate that this algorithm in ef- 
fect adopts the successive-approxima- 
tion philosophy of an ADC. 

Figure 3 shows the flow chart for 
this progression, and Table 2 shows 
the equivalent assembly-code lines that 
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Hi'Tech Software's (www-htsoftxom) 
C compiler for a Microchip (www. 
microchip xom) PIC16F77 microcoria 
troUer produces- All the operation in- 
volving direct and indirect arithme- 
tic operations can liberally consume 
the code space- Thus, a while state- 
ment with comparison occupies five 
lines compared with a bit-based ap- 
proach that occupies only four. The 
main culprit for the larger footprint is: 
index = low +( low +high)/2, which gen- 
erates 14 lines compared for two lines 
with bit set/reset. 

This example amply proves how a face 
lift on a worn-out algorithm can gain 
you quite a few bytes of code space. As 
Table 2 shows, the new algorithm saves 
28% in code space. If the array length is 
an integer power of two, you can omit 
the out-of-range check of the index, 
saving six more assembly lines for a total 
savings of 43%. 

This article highlights basic approach 
to remove unproductive "fat" from your 
embedded application. The key lies in 
the analysis of the assembly listings, as 
the binary-search example amply il- 
lustrates. Apart from saving machine 
space, a significant by-product of this 
strategy happens to be the faster execu- 
tion resulting from a small-footprint- 
code execution. You may discover new 
tricks by reviewing the assembly listing 
of your C code and attacking the bulky 
code fragments. EDN 
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Signal Chain Noise Analysis for RF-to-Digital Receivers 

Design Note 439 
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Introduction 

Designers of signal receiver systems often need to per- 
form cascaded chain analysis of system performance 
from the antenna all the way to the ADC. Noise is a criti- 
cal parameter in the chain analysis because it limits the 
overall sensitivity of the receiver. An application's noise 
requirement has a significant influence on the system 
topology, since the choice of topology strives to optimize 
the overall signal-to-noise ratio, dynamic range and 
several other parameters. One problem in noise calcula- 
tions is translating between the various units used by the 
components in the chain: namely the RF, IF/baseband, 
and digital (ADC) sections of the circuit. 

Figure 1 shows a simplified system diagram. There is 
an RF section, an IF/baseband section (represented 
by an amplifier) and an ADC. The RF section, which 
includes a mixer or demodulator, is commonly specified 
using noise figure (NF) in a decibel scale (dB). This may 
also be specified with a noise power spectral density 
which is similar to NF in concept (e.g., -160dBm/Hz is 
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NOISE FIGURE (dB) 



IF/BASEBAND 

nV/>/Ri 



ADC 
SNR (dB) 
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LT5557 MIXER 
NFRF = 10.6dB 
Grf = 3.3dB 



LTC6400-26 AMPLIFIER 
AoPAMP = 20V/V 
1.4nV/v^ INPUT-REFERRED 



LTC2255 (14-BIT) 

72dB SNR 
Vmax = 0.707VRMS 



Figure 1 . Block Diagram of a Simplified Signal Chain with 
RF Components (Mixer, LNA, etc.), IF/Baseband Compo- 
nents (Represented by a Simple Amplifier) and an ADC. 
The Input Resistor of the Amplifier Serves as a Matched 
Termination for the 50O RF Section. A Suggested Product, 
and Its Specification for Each Section, Are Included 



equal to an NFof approximately 14dB), so here we use NF. 
When working in a fixed-impedance (50S2) environment, 
using NF simplifies the analysis of an RF signal chain. 
However, if the assumptions of constant impedance and 
proper source/load termination are not valid, then NF 
calculations become less straightforward. 

IF/baseband components, suchasamplifiers,aretypically 
specified with noise spectral density, which is commonly 
measured in volts and amps per square-root Hertz (nV/VHz 
and pA/VHz). The contribution of current noise (pA/VRz) 
is usually negligible in lowimpedanceenvironments. ADC 
noise is primarily specified as a signal-to-noise ratio 
(SNR) in decibels. SNR is the ratio of the maximum input 
signal to the total integrated input noise of the ADC. In 
order to perform a full signal chain analysis, a designer 
needs to be able to translate between NF, noise density 
and SNR. 

NF to SNR: How Much ADC Resolution? 

The first transition is from the RF section to the IF/base- 
band section. NF is a convenient unit, but requires con- 
stant system impedance. Since noise spectral density is 
independent of impedance, converting from NFto nV/VHz 
makes sense, since in the transition from RF to baseband 
(node 1 in Figure 1), the chain is leaving the fixed 5012 
environment. At node 1 , the noise voltage density due to 
the RF part of the chain can be represented as: 

20 J.. 



6N(RF) = 1 



-6^(50) •0.5 



nV 



where Grf = cascaded gain of RF component(s) in dB 

NFrf = cascaded NF of RF component(s) in dB 

eN(50) = noise density of 50Q (O.QInVpMs/VHz at 27°C) 

0.5 = resistive divider from load termination, equal to 0.5 
if Rt and Rs are 5012. 

U. LT LTC and LTM are registered trademarks of Linear Technology Corporation. 
All other trademarks are the property of their respective owners. 
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With the LT5557 shown in Figure 1, eN(RF) comes out to 
2.25nV/VHz. The input-referred voltage noise density of 
the IF/baseband section (including op amp resistors) can 
be computed using the op amp data sheet and summed 
with the contribution from the RF portion (using sum- 
of-squares addition since the specified values are RMS). 
Multiplying the result by the amplifier gain (V/V) gives 
the total noise density at node 2, ignoring the ADC's ef- 
fective contribution: 



A I 2 2 ( 

6N2 = AqpamP • V^N(OPAMP) + y 



Using the LTC6400-26 amplifier's specifications, eN2 
comes out to 53nV/VHz. The final step is to compute the 
overall SNR at the ADC. To do so, one must know the 
total integrated noise at node 2. Assuming the noise 
spectral density is constant with frequency, one can 
simply multiply e|\j2 by the square root of the total noise 
bandwidth. This bandwidth is limited by the amplifier 
circuit and any ADC antialias filtering. Assuming a 
total bandwidth of 50MHz, the integrated noise in our 
example is N2 = 375[jVr(vis- The total theoretical SNR. 
can be calculated as: 

SNRTHEORETICAL=20-logio[^)(dB) 

where Vmax = maximum sine wave input to the ADC in 
Vrms (Vp_p-0.35) 

N2 = total integrated noise at node 2, excluding the ADC, 
in Vrms 

This theoretical SNR, which is 65.5dB in the example, 
represents the maximum resolution attainable with a 
perfect ADC. The actual ADC should have an SNR at least 
5dB above this number to maintain the performance level 
down the chain. For example, a practical high performance 
14-bit ADC, like Linear Technology's LTC2255 family (or 
LTC2285 family of dual ADCs), would have an SNR in the 
72dBto74dB range. * ' 



SNR to NF 

For radio designers, an important consideration in system 
design is total noise figure, which is affected by all com- 
ponents in the chain. Once the components are selected, 
one can determine the equivalent input noise figure and 
the overall sensitivity of the receiver. Assuming that the 
signal(s) of interest lie within one Nyquist bandwidth of 
the ADC (a Nyquist bandwidth is fsAMPLE/2), the equiv- 
alent noise of the ADC is: 



a in9._yMAX 



1 



10 



I" 



20 



^SAMPLE 
2 



where SNRadc = ^^^^ sheet SNR at the frequency of 
interest in dB 

^SAMPLE = sample rate of the ADC in Hertz 

In our example, e|\|(ADC) comes out to 22. 5nV/VHz, assum- 
ing a 125MHz sample rate. This voltage noise density, 
6n(ADC). can then be RMS-summed with the amplifier 
output noise density, 6^2. and the result input-referred 
by dividing by the gain, Aqpamp- To convert back to NF, 
rearrange the first equation in this article: 



NFtotal = 
20logio 



f I 2 2 

V6n(adc) +eN2 
Aqpamp •6n(50) • 0-5 



-Grf 



(dB) 



This quantity, NFjotal- 9*ves the overall input noisef igure 
with the contributions of the RFsection, the amplifierand 
the ADC. In the example, NFjotal 's 12.7dB for the entire 
chain of three devices. 

Conclusion 

When working with an entire system design from RF 
components to ADC, noise specifications do not always 
use the same units from component to component. This 
article addresses the translation between the various 
nomenclatures. Radio designers can use this information 
to design their system topology and select components 
for optimal sensitivity. 
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Pick the Rails You Need 





Optimized Topologies: Buck-Boost, Buck, Boost & LDO 

Power designs for multiple output rails in battery-powered portable devices are challenging - especially when these rails can 
be above, below or equal to the input supply. Linearis new family of multiple output and multitopology converters enable 
straightforward and compact solutions. Our family of DC/DC regulators features up to four outputs with conversion topologies 
that include buck, boost, buck-boost and LDOs. Furthermore, most provide 95% efficiency, fast transient response and 
2.25MHz switching in tiny OFN packages. 



▼ Selected Multifunction Output ICs 



▼ Info & Free Samples 



Part No. 


Buck (Iqut) 


Boost (Isw) 


Buck-Boost (Iqut) 


LDO (Iqut) 


Package (mm) 


LTC®3544 


300mA + 200mA + 
200mA + 100mA 








3x3 QFN-16 


LTC3562 


600mA + 600mA + 
400mA + 400mA 








3x3 QFN-20 


LTC3445 


600mA 






50mA + 50mA 


4 x4 QFN-24 


LTC3670/72 


400mA 






150mA + 150mA 


2x3 DFN-12/2x2 DFN-8 


LTC3100 


250mA 


800mA 




100mA 


3x3 QFN-16 


LTC3446 


1A 






300mA + 300mA 


3x4 DFN-14 


LTC3541 


500mA 






300mA 


3x3 DFN-10 


LTC3545 


800mA + 800mA + 
800mA 








3 x3 QFN-16 


LTC3522 


200mA 




400mA 




3x3 QFN-10 


LTC3520 


600mA 




1A 


LDO Controller 


4x4 QFN-24 


LTC3537 




600mA 




100mA 


3 x3 QFN-16 


LTC3523 


400mA 


600mA 






3 x3 QFN-16 


LTC3527 




600mA + 400mA 






3 x3 QFN-16 


LTC3547 


300mA + 300mA 








2x3 DFN-8 


LTC3419 


600mA + 600mA 








3x3 DFN-10, MS10 


LTC3548 


800mA + 400mA 








3x3 DFN-10, MS10E 


LTC3407A-2 


800mA + 800mA 








3x3 DFN-10, MS10E 


LTC3417A-2 


1.5A + 1A 








3x5 DFN-16, TSSQP-20E 



www.linear.com/multioutputregs 

1-800-4-LINEAR 




Free Portable 
Solutions Brochure 



www.linear.com/portsolutions 



£J, LTC and LT are registered trademarks of Linear Technology 
Corporation. All other trademarks are the property of their 
respective owners. 
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Hidi Performance LDOs 
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A new generation of high performance LDOs is now available from Linear. These LDOs are a generation beyond previous 
regulators in feature benefits and performance. These include ultralow quiescent currents to maximize battery life, low output 
noise to minimize potential interference, high input voltages for increased flexibility, protection features for rugged designs and 
an array of package options to facilitate both leaded and surface mount requirements. 



▼ High Performance, Low-Noise LDOs 



Part No. 


'out 


Max. V|N 
(V) 


Dropout 
Voltage (V) 


Noise 
(mVrms) 


Iq 


Output Voltage 
(V) 


Package 
(mm) 


irsoog 


20mA 


20 


0.28 


150 


3iJA 


Adj. (0.6 to 19.5) 


2X2DFN-6, SC70-8 


LT3010/H* 


50 m A/50 m A 


80 


0.30 


100 


30iJA 


Adj. (1.275 to 60), 5 


ThinSOT™ 


LT1761 


100mA 


20 


0.30 


20 


20iJA 


Adj. (1.22 to 20), Fixed 


ThinSOT 


LT1762 


150mA 


6.5 


0.30 


20 


25iJA 


Adj. (1.22 to 20), Fixed 


MSOP-8 


LT3012/H* 


250mA/200mA 


80 


0.40 


100 


40iJA 


Adj. (1.24 to 60) 


3x4DFN-12,TSS0P-16E 


LT3013/H* 


250mA/200mA 


80 


0.40 


100 


65iJA 


Adj. (1.24 to 60) 


3x4 DFN-12,TSS0P-16E 


LT1962 


300mA 


20 


0.27 


20 


30iJA 


Adj. (1.22 to 20), Fixed 


MSOP-8 


LTC®3025 


300mA 


5.5 


0.05 


80 


54tJA 


Adj. (0.4 to 3.6) 


2X2DFN-6 


LTC3035 


300mA 


5.5 


0.045 


150 


lOOpA 


Adj. (0.4 to 3.6), Fixed 


2x2 DFN-6 


LT1763 


500mA 


20 


0.30 


20 


30iJA 


Adj. (1.22 to 20), Fixed 


SOIC-8 


LTC3025-1/-2 


500mA 


5.5 


0.075 


80 


54tJA 


Adj. (0.4 to3.6)/1.2 


2x2 DFN-6 


LT3080** 


1.1A*** 


36 

(40 Abs Max) 


0.3+ 


40 


1mA 


Adj. (0 to 36)++ 


3x3 DFN-8, MS0P-8E, 
TO-220, SOT-223 


LT1965 


1.1A 


20 


0.29 


40 


500iJA 


Adj. (1.20 to 19.5) 


3x3 DFN-8, MS0P-8E, 
TO-220, DDPak 


LT1963/A 


1.5A 


20 


0.34 


40 


1mA 


Adj. (1.21 to 20), Fixed 


DDPak, TO-220, 
SOT-223, SO-8 


LT1764/A 


3A 


20 


0.34 


40 


1mA 


Adj. (1.21 to 20), Fixed 


DDPak, TO-220 



▼ Info & Free Samples 



www.linear.com/LDOs 

1-800-4-LINEAR 



Free Portable 
Solutions Brochure 



www.linear.com/portsolutions 



JU, LTC, LT and LTM are registered trademarks and ThinSOT is a 
trademark of Linear Technology Corporation. All other trademarks 
are the property oj their respective owners. 



*Tj = 140°C Operation (H-grade) 
**Current-based Reference 
***Can Be Paralleled 



"•"Two-supply Operation 
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READERS SOLVE DESIGN PROBLEMS 



Use thermoelectric coolers 
with real-world heat sinks 



W Stephen Woodward, Chapel Hill, NC 

Peltier devices, also known as 
solid-state refrigerators, or TECs 
(thermoelectric coolers), actively cool 
temperature-sensitive electronic com- 
ponents, such as optical detectors and 



solid-state lasers- A glance at any TEC 
data sheet reveals that some primary 
and fairly easily understood parameters 
characterize a TEC: The maximum 
current is the TEC's current drive for 




DELTA T 

(MULTIPLES OF 
DELTA T„ J 



0.5 1 1.5 

CURRENT (A) 

NOTE: HEAT-SINK IMPEDANCE IS NORMALIZED TO: 1.0= DELTA T^^/Q^^. 



Figure 1 This family of curves shows that a thermoelectric cooler may actually 
heat rather than cool at the maximum drive current if the heat sink the cooler is 
mounted on is less than perfect. 



1 

0.8 

0.6 

OPTIMUM 
CURRENT 

(A) 0.4 

0.2 



HEAT-SINK IMPEDANCE 



Figure 2 A derating factor for maximum voltage and current is based on the 
real-world thermal impedance of the TEC's heat sink. 
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DIs Inside 

94 Interface MIDI instrunnents 
to a PC through a USB port 

96 Transnnission lines sinnulate 
digital filters in PSpice 

98 Dual flip-flop fornns 

sinnple delayed-pulse generator 

►What are your design problems 
and solutions? Publish thenn here 
and receive $1 50! Send your 
Design Ideas to edndesignideas® 
reedbusiness.conn. 



maximum cooling, the maximum dif- 
ferential temperature is the no-load 
cooling temperature at maximum cur- 
rent and with no heat load- The maxi- 
mum voltage is the TEC's voltage drop 
at the maximum-current drive, and the 
maximum heat transfer (Qj^^x^ 
maximum cooling-heat load at a maxi- 
mum current and differential tempera- 
ture of zero. 

However, one TEC data sheet provi- 
so that designers sometimes miss is that 
you always measure these parameters 
with the TEC mounted on an effec- 
tively zero- thermal' impedance — that 
is, perfect — heat sink. This point is 
an important one and deserving of the 
designer's rapt attention because heat 
sinks always have at least some thermal 
impedance, and all the primary TEC 
parameters change — sometimes dra- 
matically — when the TEC must make 
do with an imperfect sink. 

The family of impedance-versus-cur- 
rent curves in Figure 1 illustrates this 
effect. Each curve corresponds to a dif- 
ferent heat-sink thermal impedance, 
normalized to one for 1 1 values from 
zero to two. 

Although the maximum current is, 
by definition, the optimal current for 
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maximum cooling at a heat-sink im- 
pedance of zero, the situation changes 
radically with increasing impedance 
until there's no net cooling whatsoev- 
er. Further, for impedance greater than 



one, instead of cooling, the maximum 
TEC drive actually heats rather than 
cools. Figure 2 shows the simple solu- 
tion for this problem: You must replace 
the data sheet's maximum current and 



voltage values with new, lower maxi- 
mum-drive values corresponding to the 
optimal numbers you need to achieve 
maximum cooling whenever imped- 
ance is greater than zero.EDN 



Interface MIDI instruments 
to a PC through a USB port 



Stefano Palazzolo, Senago, Milan, Italy 

This Design Idea uses the FT- 
232BM from Future Technology 
Devices International (www.ftdichip. 
com), a USB-to-UART interface IC 
that you need not program, to interface 
a USB port to the MIDI (musical-in- 
strument-digital-interface) bus (Fig- 
ure 1). The USB signals directly inter- 
face to ICp an FT232BM. The serial- 
transmitter and -receiver signals pass 
through IC^ and IC^ to transform the 
RS-232 signals to the MIDI's loop cur- 
rent. You can use an EEPROM, IC^, if 
you want to add a serial-number inter- 
face or use more than one interface. 



This hardware doesn't require you to 
write any software. However, you must 
install two drivers. First, you need the 
free VCP driver from FTDI at www.ft- 
dichip.com/Drivers/V CRhtm. It allows 
you to use this interface as a common 
serial-port interface. Before you install 
it, you must change a string in the file 
FTDIPORT.INF (Reference 1) to set 
up the 31,250-baud rate for FT232BM. 
Then, you can configure VCP to run at 
38,400 baud. (The real baud rate will be 
31,250 as preset in FTDIPORTINI.) 

Then, you must install another driv- 
er that permits you to see your VCP se- 



rial port as a MIDI port for addressing 
all MIDI messages. You can find a lot 
of similar drivers on the Internet. For 
example, the Roland serial MIDI driv- 
er is available at: http://www.roland.it/ 
dow_drivers/for_win/serial32_wxp2k. 
exe. You can enable this driver on the 
COMl or the COM3 port. 

Listing 1, at www.edn.com/080417 
dil, shows the changes to add to the 
FTDIPORT.INF file that change 
the baud rate from 38,400 to 31,250 
baud. Change this file before instal- 
lation.EDN 

REFERENCE 

n "FT232BM Designers Guide, 
Version 2," FTDI, 2002/2003, www. 
ftdichip.com/Documents/AppNotes/ 
DF232_20.pdf. 




Figure 1 This USB-to-MIDI interface uses the FT232BM, a USB-to-UART interface chip that you need not program. 
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Quality Careers Contact Us MyLinear 



PRODUCTS SOLUTIONS DESIGN SUPPORT PURCHASE COMPANY | Search 
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AMPLIFIER TYPE 



Low Bias Current 



SELECTED CIRCUIT 



Shock Sensor Amplifier (Accelerometer) 



APPLICATION 



Any 



MATCHING CIRCUITS 



The Following Circuits match 
the search criteria selected above. 



40nVpp Noise, 0.05uV/C 
Drift, Chopped. ■■ 



60Hz Notch Filter 



Accelerometer Signal 
Conditioner 



DC Accurate Composite 
Amplifier 



Eight Decade Current 
Sensing Log Ampl... 



Inverting Charge Amplifier 



Large Area Photodiode 
Bootstrapping 



Low Noise 1MW 
Trans-lmpedence Amplifier 



Low Noise AC Difference 
Amplifier 



Shock Sensor Amplifier 
(Accelerometer) 



MURATA 
PKGS-OOLD 
770pF 
0" SENSOR 




X" 



8.2pF 

2M I 2IVI 
AA/V i ^AAr 



3.9pF S.gpF 

iHI-HH 




VouT = 109mV/g 
BW - 2.2kHz 



47pF 



I View Full Size Image 



View Product Page 



View Original Data Sheet 



A shock sensor is a capacitive piezoelectric element that generates a charge under physical 
acceleration. This charge can be converted to a voltage and filtered using high valued resistors 
and a high input impedance CMOS amplifier such as the LTC6081. This circuit has a gain of 100 
and output of 109mV per g of acceleration. 




Precision Low Bias Current CMOS Op Amps 



Part No. 


Ib (pA) 


VosTO 
Max. 


GBW 
(MHz) 


is/Amp 
(mA) 
Max. 


Channels 


Comments 


Package 


LTC®6081 


0.2 


70 


3.6 


0.4 


2 


TCVos = 0.8pV/X Max. 


MS-8, DFN-10 


LTC6082 


0.2 


70 


3.6 


0.4 


4 


TCVos = 0.8pV/X Max. 


DFN-16, SSOP-16 


LTC6087 


1 


750 


14 


1.2 


2 


General Purpose 


MS-8, DFN-10 


LTC6088 


1 


750 


14 


1.2 


4 


General Purpose 


DFN-16, SSOP-16 


LTC6078 


0.2 


25 


0.75 


0.072 


2 


TCVos = 0.7pV/°C Max. 


MS-8, DFN-10 


LTC6079 


0.2 


25 


0.75 


0.072 


4 


TCVos = 1.4|jVrC Max. 


DFN-16, SSOP-16 


LTC6240 


0.2 


175 


18 


2.4 


1 


Low Frequency Noise = 550nVp.p 


SOT-23-5, SO-8 


LTC6241 


0.2 


125 


18 


2.2 


2 


Low Frequency Noise = 550nVp.p 


DFN-8, SO-8 


LTC6242 


0.2 


150 


18 


2.2 


4 


Low Frequency Noise = 550nVp.p 


DFN-16, SSOP-16 


LTC6244 


1 


100 


50 


5.8 


2 


Low Frequency Noise = 1 .5|jVp.p 


DFN-8, MS-8 



▼ Info & Free Samples 



www.linear.com/circuits 
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jy, LTC and LT are registered trademarks of Linear Technology 
Corporation. All other trademarks are the property of their 
respective owners. 
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Transmission lines simulate 
digital filters in PSpice 

David Baez-Lopez, Department of Electrical and Computer Engineering, 
Ryerson University, Toronto, ON, Canada 



Designers use PSpice mainly to 
simulate analog circuits. How- 
ever, you can also simulate digital fil- 
ters with it- The main components in 
a digital filter are delay elements, ad- 
ders, and multipliers- Although you 
can implement adders and multipliers 
using operational amplifiers, you can 
simulate a delay element with a trans- 
mission line. The transmission line 
in PSpice is a long-forgotten element 
that can realize a delay of seconds- 

For example. Figure 1 shows a sec- 
ond-order recursive digital filter. The 
transfer function for this filter is: 
2 



H(Z): 



Boz^ + Biz + B2 



1 +A^i + A2 



where H(z) is the digital-filter-transfer 
function, z is the z-transform variable, 
the As are the coefficients of the de- 
nominator polynomial of the transfer 
function, and the Bs are the coefficients 
of the numerator polynomial of the 
transfer function. You can obtain the 
coefficient values with software avail- 



able for filter design (Reference 1). 
The sampling frequency, fg, relates to 



the transmission-line delay as t=l/fg. 
For example, a bandpass digital filter 
with a 3-dB passband from 900 Hz to 
1 kHz, a sampling frequency of 6 kHz, 
and a Butterworth characteristic yields 
the following transfer function: 



H(z): 



-1 



-0.9096707z + 0.809374 




Figure 1 The transfer function for a second-order recursive digital filter has 
coefficient values that yield a lowpass, highpass, band-reject, or bandpass- 
transfer function. 
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Figure 2 In the PSpice circuit, the VCVSs (voltage-controlled voltage sources), E1 and E2, simulate voltage followers, and 
VCVSs E3 and E4 and the resistors that connect to them simulate summers. 
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No compromise, 
i Best-in-class voltage reference. 



Provides both high accuracy and low tempco 
in a small, 3mm x 3mm package 

The MAX6033 is the industry's only SOT23 reference to guarantee ±0.04% initial accuracy and 10ppm/°C tempco 
over the -40°C to +125°C temperature range. This device is available in a space-saving 3mm x 3mm, 6-pin SOT23 
package. It is ideal for automotive and industrial applications in which high performance, automotive temperature 
range, and small size are critical. 



2.5V INITIAL ACCURACY + 
TEMPERATURE DRIFT 




>I/I>JXI>I/I 

MAX6033 



COMPETITOR 
A 



COMPETITOR 



• ±0.04% initial accuracy 

• 1 Oppm/°C tempco over -40°C to +1 2SX 

• Low 200mV dropout voltage 

• 2.7Y to 1 2.6V supply range 

• Low 40pA supply current 

• 40ppm/1000hr (typ) long-term stability 



Saves 
space! 




Part 


Output 
Voltage 
(V) 


Grade 


Guaranteed Tempco 
(ppm/°C, max) 


Initial 
Accuracy 
(%, max) 


Supply 
Voltage 
Range (V) 


Supply 
Current 
(mA, typ) 


Source 
Current 
(mA) 


Dropout 
Voltage 
(mV) 


Price^ 
($) 


-40°C to +85°C 


-40°C to +125°C 


MAX6033 


2.500, 3.000, 
4.096, 5.000 


A 


7 


10 


±0.04 


2.7 to 12.6 


40 


15 


200 


3.49 


B 


10 


15 


±0.08 


2.40 


C 


20 


40 


±0.10 


1.45 



t2.5k-up recommended resale. Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all packages are offered 
in 1 k increments, and some may require minimum order quantities. 
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In this case, the transmission-line de- 
lay is 1/6000=166-67 fxsec- If you ad- 
ditionally specify an impedance, Z, of 
in for the transmission line, then the 
parameters for the transmission line are 
ZQ=in, and t= 166.67 fxsec. Figure 2 
shows the PSpice circuit- The VCVSs 
(voltage-controlled voltage sources). 
El and E2, simulate voltage followers, 
and VCVSs E3 and E4 and the resis- 
tors that connect to them simulate 
summers. Figure 3 shows the results of 
the simulation.EDN 

REFERENCE 

n Lopez, David Baez, "Windows 
Based Filter Design with Winfilters," 
IEEE Circuits and Devices, Volume 
13, 1997, pg 3. 



VOLTAGE 

(V) 



0.05 
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FREQUENCY (kHz) 



1.5 



Figure 3 In this PSpice simulation, the digital bandpass filter uses transmission 
lines as delay lines. 



Dual flip-flop fornns sinnple 
delayed-pulse generator 

Luca Bruno, ITIS Hensemberger Monza, Lissone, Italy 



Some applications require 
clock' timing adjustments, such 
as generating precision clocks for 
time-interleaved ADCs, or delay ad- 
justments in a variety of precision- tim- 



ing and pulse-delay applications. This 
Design Idea describes a delayed-pulse 
generator using a dual-CMOS D-type 
flip-flop (Figure !)♦ The circuit pro- 
vides precision time delays of a trigger- 



DC-CONTROL ■ iqO 
VOLTAGE O— 
TO 2.56V '' 



NOTES: 

ICi POWERED AT 5V 
CONNECT A 100-nF 
D ECO U RUNG CARACITOR 
CLOSE TO IC/s 
POWER-SURRLYRINS. 



. .^yKf^ENT S_OURCE_ 

5V 



I ^1 




Cl.33k 








i R, 


Vref 




1.233V 


[0.1% 


i 



IC3 

LM4041 




Figure 1 The rising edge of a trigger input starts a precision ramp voltage that compares 
with a control voltage, generating a precise delay. 



i 



input pulse- A dc-control voltage se- 
lects a time delay within the full-scale 
range- When the rising edge of a pulse 
triggers the input, the circuit's output 
generates a pulse with its rising edge 
delayed by an amount equal to the se- 
lected time delay, T^^, plus a fixed in- 
herent propagation delay Tp^^. Also, a 

time constant, R,C^, determines the 
' 4 2' 

output pulse's width. 

A precision dc source, 1^, and capac- 
itor set the full-scale delay range. 
When is off, the current source 
charges capacitor generating a lin- 
ear-ramp voltage with slope equal to 
IJCy The delay is the time it takes for 
the ramp to rise from its initial voltage 
to the control-voltage value. 

In this application, the ramp slope 
is 10 mV/1 |JLsec, so that the full-scale 
delay range is 256 fxsec for a control 
voltage of to 2.56V. You can set the 
full-scale delay by changing 1^ through 
either R^+R2 or capacitor C^. For best 
accuracy, the current source can range 
from 10 fxA to 1 mA, the capacitor's 
value can range from 1 nF to 1 fxF, and 
the corresponding full-scale delay can 
range from 2.56 fxsec to 256 msec. Use 
a precision film capacitor for C^. 

The basis of the current source is a 
shunt precision-micropower- voltage- 
reference, IC3, producing a reference 
voltage of 1.233V with an initial ac- 
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First triple step-down 
DC-DC controller with 
programmable tracking 



Versatile controller delivers up to 15A per output 



PIN SELECT 1 OF 3 OPTIONS 




Key advantages 

•±1% accurate internal reference 

• High switching frequencies (up to 2.2MHz) 
minimize passive components 

• High-current drivers deliver ISA per output 

• 1 20° out-of-phase operation reduces input 
ripple current and input capacitance 



Part 


Configuration 


Package (mm x mm) 


MAX15002 


Dual 


40-TQFN (6 X 6) 


MAX15003 


Triple 


48-TQFN (7 x 7) 




Technical Support ^1^1 ^1 I ^1^1 

www.maxim-ic.com/support .^r Ir I .^rM I .^r Ir I 

JV\J\y^\JV\ ^^MfNET 

^^eiecuonics .ageing WWW. m oxl m " I c • CO m /M AX 1 5003-info 

www.maxim-ic.com/shop www.avnet.com 



DIRECT 



For a free sample, visit www.maxim-ic.com/samples or call 1-800-998-8800 

Distributed by Maxim Direct and Avnet Electronics Marketing. Tine Maxim logo is a registered trademark of Maxim Integrated Products, Inc. © 2008 Maxim Integrated Products, Inc. All rights reserved. 



designideas 



curacy of 0-2%. A Texas Instruments 
(www-tixom) LM4041, through pre- 
cision resistors and R^, biases the 
Darlington-coupled transistors and 
with a reference current Iq^^ref^ 
(R^+R2) = 100 fiA. The Darlington 
configuration ensures that base cur- 
rent is negligible and that the output 
collector current can achieve a worst- 
case accuracy of 03%. You can use any 
small-signal transistor, but, for best ac- 
curacy, use high-gain, low-level, low- 
noise BJTs, (bipolar- junction transis- 
tors) such as a 2N5087 or a BC557C. 

IC^^ is a one-shot circuit (Refer- 
ence 1). The output pulse's width, 
T^, is R4C2Xln(Vp^V^^), where V^^ 
is the threshold voltage of the digital 
CMOS. Because V^^—V^^j^/Z, then 
Diode D^ reduces 
recovery time. After power-up, Q3 is 
in saturation, absorbing the current 
source's output, and, as soon as an input 
pulse triggers the circuit, IC^g's Q out- 
put goes low, switching off Q^, starting 
a ramp. When the ramp exceeds the 
control voltage, then the IC^^ compar- 



ator's output goes high, and the rising 
edge triggers one-shot IC^^ and switch- 
es on through IC^g, allowing the 
discharge of the capacitor C^. When 
an input pulse triggers the circuit, any 
other trigger pulse that occurs before 
the falling edge of the delayed output 
pulse does not produce an output pulse; 
in other words, the circuit is not retrig- 
gerable. This feature permits you, at 
the same time, to divide and delay an 
input- trigger clock. 

Although IC^ and IC^ can operate 
from a 3 to 16V supply, the minimum 
supply voltage of the circuit is 5V; 
otherwise, and approach satura- 
tion, generating to a less linear ramp 
voltage. Voltage comparator IC^^, an 
STMicroelectronics (www.st.com) 
TS3702, has an input-common-mode- 
voltage range that includes ground, 
permitting you to monitor input volt- 
ages as low as OV. 

However, for correct operation of 
the circuit, the minimum control volt- 
age must be greater than the saturation 
voltage of Qy For the components in 



Figure 1 , the measured value is 1 2 mV. 
If you want to reduce this voltage, you 
can use a digital N -channel MOSFET 
with low on-resistance. The optional 
input lowpass filter, comprising R^ and 
C^, helps to clean noise from the de- 
control voltage. 

If a DAC drives the control input, 
you can build a digitally programma- 
ble delay generator. A suitable low- 
cost, 8-bit DAC is the AD558 from 
Analog Devices (www.analog.com), 
which features an internal precision 
bandgap reference to provide an out- 
put voltage of to 2.56V, making 1 
LSB equal to 1 [xsec. It operates from 
5 to 16V, with a 1-psec settling time. 
The circuit's quiescent current, 1^^^^, is 
less than 300 |jlA because all ICs are 
micropower.EDN 



REFERENCE 

n Bhandarkar, Santosh, "Single-IC- 
based electronic circuit replaces 
mechanical switch" EDN, March 1 5, 
2007, pg 76, www.edn.conn/article/ 
CA6421439. 



a leap ahead 

in DC/DC-Converters 



AS1340 

► 2.7V to 50V adjustable output voltage 

► 2.7V to 50V input voltage range 

► 1 00mA @ 12V from 3.3V ViN 

► Up to 90% efficiency 

► Power-OK output 



► Smallest sizes 

► Highest efficiency 

► Adjustable output voltages 

► Supporting all kinds 
of batteries 



West Coast (408) 345-1790 • East Coast (919) 676-5292 
www.austriamicrosystems.com 
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A/D Converter 
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Real Time Clock 
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USB with 
4KB RAM 
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RXCLK, TXCLK 



RXSDA.TXSDA 
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MClCLK, IVICIPWR 
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LPC2468 32-bit ARM7 microcontrollers for embedded applications 

The LPC2000 series, based on a 1 .8-V ARM7TDMI-S™ core with speeds up to 72 
MHz, is NXP Semiconductors' most advanced family of microcontrollers. Designed for 
flexibility in applications that require fast, simultaneous communications, it combines 
high performance and low power consumption in a truly cost-effective package, and 
offers CAN, I2C, I2S, UARTs, SPI, and SSP interfaces. The LPC2468, the most highly 
integrated device in the series, is particularly well-equipped, with zero-wait-state 
Flash, dual AHB buses, Ethernet, and USB On-The-Go. For affordable innovation in a 
variety of applications including connectivity, industrial control, automotive, medical, 
you get the proven performance of a 32-bit ARM? core, ample Flash and RAM 
memory. Because it's about having options, and having the tools you need to bring 
your best ideas to life. 

What if you could have proven 
performance at a low price? 

NXP develops vibrant media technologies that help bring your 
ideas to life. Our innovative solutions enhance images, sharpen 
sound and simplify information sharing. Find out more about this 
family of advanced, low power 32-bit microcontrollers at our website 

www.nxp.com/ad/lpc2000 
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PICO 



AC-DC Converters 

Power Factor Corrected 

5-300Vdc 
Isolated DC Output 

Low Cost tf'H^To' 

Industrial 




Two Units in One 

AC1 Series 




Universal AC Input 
47-400HZ 
Input Frequency 



• STANDARD: 5 to 300 vdc 
regulated, ISOLATED 
outputs/Fixed frequency 

> ALL in ONE compact full brick 
module, 2.5" x 4.6" x 0.8" Vacuum 
encapsulated for use in rugged 
environments 

> Lower cost for your Industrial 
applications 

> Maximize your design up to 
300 watt models 

> Meets Harmonic Distortion 
specifications 

• .99 Power factor rating at 
operational levels 

> Expanded operating temperatures 
available -40 & -550, +85 & 1000 
base plate 

> Oustom models available 



Send Direct 
for free PICO Catalog 
E-Mail: info@picoelectronics. com 

PICO Electronics, Inc. 

143 Sparks Ave, Pelham, NY 10803-1837 
Call Toll Free 800-431-1064 • FAX 914-738-8225 
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CIRCUIT PROTECTION 




Protection controller disconnects 
during wall-adapter overvoltage 

□ Suiting USB charge protection in portable and consumer devices, the 
NCP361 overvoltage-protection controller uses an internal P-channel FET 
requiring no external devices- In the event of overvoltage from a wall adapter 
causing the input voltage to exceed the overvoltage shroud, the controller dis- 
connects the output from the input, protecting the downstream system. Features 
include a 20'|jlA current consumption, a 150-mA typical overcurrent protection, 
and an improvement in VBUS protection of as much as 20V compared with dis- 
Crete zener-based devices- A negative-going flag output alerts the system when a 
fault occurs, and an enable pin can force the device to an off-state- Available in 
a ZXZ-mm uDFN- package, the NCP361 overvoltage-protection controller costs 
40 cents (3000). 

On Semiconductor, www.onsemi.com 



ESD-protection diode 
comes in a small package 

The ESD0201 SMD ESD (electro- 
static-discharge) -protection TVS 
(transient-voltage-suppression) diodes 
provide 30-kV contact-discharge ESD 
levels, according to IEC61 000 standards. 
The diodes feature 20-pF input capaci- 
tance and lOV clamp voltage, reduc- 
ing IC latch-up and soft errors. Measur- 
ing 0.02X0.01 in., the ESD0201-01FR 
TVS diode costs 7 cents (25,000). 
OnChip Devices, www.onchip.com 



Solid-State protection 
devices meet a variety 
of I EC standards 

Adding to the vendor's RailClamp 
solid-state protection-device fam- 
ily, the RClamp0524J 5V protection de- 
vice aims at DisplayPort and other high- 
speed applications. Providing a 0.3- 
pF capacitance, the protection device 
meets lEC 61000-4''0 standards for ESD 
protection, including ±15-kV for air 
and ±8-kV for contact. The device al- 
so meets EFT (electrical-fast-transient) 



Exceptional J ^ 
Service Is More 
Than Judt Our 

Pronflse 



It's how we've done 
business for niore 
than 30 years 




and lightning-strike lEC standards- Measuring 2-7X 1 XO-58 
mm in a SLP2710P8'8 package, the RClamp0524J costs 35 
cents (1000). 

Semtech Corp, www.semtech.com 



Devices combine EMI filtering and 
ESD protection in small packages 

Combining EMI filtering and ESD (electrostatic- 
discharge) protection, the EMIF014003M3, and 
EMIF024003M6 meet IEC610004'2 level 4 for ESD pro- 
tection and provide a 30-pF line-to-ground capacitance- 
The EMIFOl and EMIF02 provide 9 and 1 7V clamping volt- 
ages, respectively, at a 15-kV ESD strike- The single-line 
EMIF01-1003M3 measures lXO-6XO-6-mm in a SOT883 
package; the EMIF02-1003M6 measures lXl-45xO-55-mm 
with a 0-6-mm^ footprint and comes in a lead QFN-6 pack- 
age- The EMIFOl -1003M3 and EMIF02-1003M6 cost 9 and 
15 cents (100,000), respectively- 
STMicroelectronics, www.st.com 



Low-capacitance diode-array family 
targets handheld devices 

Aiming at portable, handheld systems, this family of 
low-capacitance diode-array devices provides ESD 
(electrostatic-discharge) and clamping protection- The de- 
vices use the vendor's TVS^ (transient- voltage-protection 
using trench- vertical-structure) device and process technol- 
ogy- Features include ±30-kVESD protection for contact 
and air discharge, 6-9V maximum channel-clamping volt- 
age at 15 A peak-pulse current, and 15-pF typical capaci- 
tance- The single-diode AOZ8201 and AOZ8211 come in 
l-6x0-8X0-6-mm SOD523 and lX0-6x0-4'mm SOD923 
packages, respectively- Measuring 1-6X1-6x0-6 mm, the 
four-channel AOZ8204 and five-channel AOZ8205 diode 
arrays come in SC-89 housing- The AOZ8201, AOZ8204, 
AOZ8205, and AOZ8211 devices cost 8-2, 10-3, 12-1, and 
9-9 cents (1000), respectively- 
Alpha & Omega Semiconductor, www.aosmd.com 



EMBEDDED SYSTEMS 

Digital-bit-stream card 

uses one to 1 6 channels at 1 25 MHz 

□ The UF2e-7005 digital-bit-stream card has 16 chan- 
nels that can be set to input or output with a 125- 
MHz maximum clock rate- The PCIe (PCI Express) card 
uses one, two, four, eight, or 16 channels while using all of 
the available card memory- The card comes with 64 Mbytes 
memory, expandable to as much as 4 Gbytes, and enables 
the recording or generating of signals for 16-sec periods on 
16 channels at 125 MHz or for 262-sec periods on one chan- 
nel at 125 MHz- The UF2e-7005 card costs $2590- 
Strategic Test, www.strategic-test.com 
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ou need a partner you can rely upon to provide 
high quality embedded computers from 
prototyping and design-in, through years of 
product production. At VersaLogic, v^e design 
our embedded computer 
products v^th a focus 
on high reliability 
and long-term 
availability. Every 
board v^e make is 
run through exhaustive 
quality tests, ensuring that 
v^e deliver only the best. And 
vdth our v^orld class service and 
five year availability guarantee, things v^on't stall 
out on your production line. Whether you need 
one of our standard products or a customized 
version, our skilled technical staff v^U v^ork v^th 
you to meet your exact requirements. 

Contact us to find out hov^ for more than 30 
years v^e've been perfecting the fine art of extra- 
ordinary support and on-time delivery: 
One customer at a time. 




International: 
001.541.485.8575 
North America: 
1.800.824.3163 
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^CORPORATION 

www.VersaLogic.com/go 



GIGA-SNAP BGA 
SOCKETS AND ADAPTERS 




Giga-snaP BGA SMT Adapters allow affordable 
socketing. Request our free Catalog today. 

• Ultra low insertion force 

• GHz bandwidth 

• Same CTE as PCB 

• Maximum solderability 

• Up to 2000 pins 

• 0.75 to 1 .27mm pitch 

• Industry's toughest socket 

J'^ Ironwood Electronics 

^^1-800-404-0204 

www.ironwoodelectronics.com 



FlashCore-B [FB]' 



Add embedded mass data storage, 
16'bftADCs to your product 





^atyi 

• 2.1" X 2.4", C/C++ programmable. 

• CompactFlash interface with FAT file system. 

• 16-blt ADCs, DACs, RS232 and TTL l/Os. 

• Ultra-low quiescent current for battery power. 

50+ Low Cost Controllers with ADC, DAC, 18 UARTs, 300 
l/Os, solenoid, relays, CompactFlasli, LCD, DSP motion 
control. Custom board design. Save time and money. 
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Davis, CA 95616 USA 
TFPM 530-758-0180 • Fax:530-758-0181 
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WASHERS-^ 

MILLIONS OF OPTIONS 



22,000 flat washer sizes 
with no tooling charges 

Over 2,000 material choices 



Most orders shipped ^ 
in 2 weeks or less! riiEA 
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FREE ^^^i^L^« 
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Gigabit Ethernet switch 
family supports full-wire- 
speed L2 bridging 

□ Targeting embedded- system appli- 
cations, the ComEth4070a family 
of 6U VME L3 Gigabit Ethernet switch- 
es uses a Gigabit-switch engine and a 
PHY (physical) -layer transceiver. The 
switches combine a Layer 2 + switch and 
a Layer 3 router on a single board. The 
device supports full-wire speed L2 bridg- 
ing and IP (Internet Protocol) routing 
with L2-L4 Access List for classification, 
filtering, and prioritization. Combining 
queue-priority-eight levels with QOS 
(quality-of-service) polecat allow tun- 
ing of jitter in critical applications. The 
device also provides 24 Gigabit Ether- 



net ports with 37 millions-packet/sec 
switching capacity. Devices in the Com- 
Eth4070a family cost $5200 each. 
Interface Concept, www. 
interfaceconcept.com 



Wireless RS-232-to-USB 
transceiver connects to 
any RS-232 device 

□ This wireless RS-23 2-to-USB trans- 
ceiver interfaces and makes wire- 
less any RS-232 device. The wireless-re- 
ceiver module connects to a computer 
through a USB interface, allowing com- 
munication with the RS-232 device. The 
transceiver costs $159. 
Omega Engineering, www.omega.com 



ADVERTISER INDEX 



Company 


Page 


Company 


Page 


Actel Corp 


6 


Micrel Semiconductor 


14 


Advanced Interconnections 


50 


Microsoft Corp 


47 


Agilent Teclnnologies 


29,51 


Mill Max Mfg Corp 


15, 105 


Analog Devices Inc 


23,25 


Molex Inc 


59 


Ansoft Corp 


C-3 


Mouser Electronics 




austriamicrosystems AG 


100 


Murata Power Solutions Inc 
(formerly C&D Technologies Inc) 


'-f 

36 

4, 34~^| 


BEI Industrial Encoders 


105 


Bokers Inc 


104 


National Instruments 


Bourns Inc 


3 


NewarklnOne 





Central Semiconductor Corp 


105 


Noritake Co Inc Elec Div 


33 


Cirronet 


82 


NXP Semiconductors 


101 


Coilcraft 


13 


Pico Electronics 


46, 102 


CUI Inc 


54 


Pulizzi Engineering 


105 


Cypress Semiconductor 


C-4 


Quicklogic 


10, 11 


Digi-Key Corp 


1 


Rabbit Semiconductor 


48 


E-T-A Circuit Breakers 


30 


Renesas Technology Corp 


39 


EMA Design Automation 


45 


Samtec USA 


56 


Express PCB 


84 


Sharp Microelectronic Tech 


16 


Freescale Semiconductor 


35 


Silicon Labs 


87 


GaGe 


86 


Summit Microelectronics 


2 


Intersil 


49 


Sunstone Circuits Inc 


37 




60, 85 


Teca 


88 


Ironwood Electronics 


104 


Tern 


104 


Jackson Labs Technologies Inc 


82 


Texas Instruments 


19,21 


Keil Software 


88 




43,57 


Keithley Instruments Inc 


105 


That Corp 


84 


Kemet Electronics Corp 


58 


Toshiba America 


52 


LeCroy Corp 


C-2 


Versalogic Corp 


103 


Linear Technology Corp 


91 


Vicor Corp 


55 




92,95 
89, 90 


Xilinx Inc 


83 




EDN provides this index as an additional service. 
The publisher assumes no liability for errors or 
omissions. , 


LPKF Laser & Electronics 


38 


Maxim Integrated Products 





104 EDN I APRIL 17, 2008 



literaturelink 



"The engineering professional's linl< to teclinical literature" 



SMALL SIGNAL TRANSISTORS - SHORT 
FORM 

Central Semiconductor Corp. manufactures small 
signal transistors is a broad range of surface mount 
packages including the newest smallest SOT'883L, 
SOT'953, and SOT'923 case types. This new short 
form catalog includes the following featured device 
families: 

• General Purpose Amplifiers/Switches 

• Low Noise Amplifiers 

• High Current /Voltage 

• Darlington 

•LowVcE(sAT) 
Central Semiconductor Corp. 

Hauppauge, NY 11788 

631'435'1110 • www.centralsemi.com/sst3 




FREE TIPS AND TECHNIQUES FOR 
INTEGRATED SWITCHING CD 

Keithley's new "Tips and Techniques for 
Integrated Switching" CD offers insights 
system builders can use to achieve maximum 
flexibility when designing, configuring, and 
integrating switching into a contemporary 
test system. The CD includes tips for switch 
system optimization, information on Keithley's 
switching hardware, and a glossary of switching terminology. Request your 
FREE copy at: www.keithley.com/at/506 or call 1'888'KEITHLEY (588-9238) 
in the U.S. today to receive your copy. 
Keithley Instruments, Inc. 
Cleveland, OH 44139 
Teb 800-588-9238 
www.keithley.com 




ENCLOSURE POWER DISTRIBUTION 
UNITS (ePDU^O 

Pulizzi now a part of Eaton®, manufactures enclo- 
sure Power distribution units (ePDU™) providing 
Circuit Breaker Protection, EMI/RFI Filtering, 
Spike/Surge Protection, Remote Power On/Off/ 
Reboot, (EPO) Emergency Power Off, Redundant 
Power, Sequential Power Up/Down. Domestic and 
international configurations for OEMs and system 
integrators are available. Agency approved 
systems. ISO 9001:2000 Certified. 

Eaton^Powerware - (ePDU™) Pulizzi 
Tel: 800-870-2248 • Fax: 605-334-4999 
pulizzisales@eaton.com 
www.pulizzi.com 




VISIT MILL-MAX'S DESIGN GUIDE 
ONLINE 

Search • Download individual product drawings 
and specs; 

Browse • 237 pages of standard offerings avail- 
able with traditional platings, as well as RoHs 
compliant platings; 

Create • Design in Mill-Max products from 
choices of standard and application specific parts 

For our new Design Guide and to see new 
products, go to www.mill-max.com/design 
Response Code: EDN567 
Mill'Max 

190 Pine Hollow Road 
Oyster Bay, NY 11771 
Web: www.mill-max.com 




REQUEST YOUR 2008 KEITHLEY TEST 
AND MEASUREMENT PRODUCT GUIDE 

Keithley's 2008 product guide includes useful 
tutorials and selector guides, as well as 
information on the newest innovations in test 
and measurement. You'll find the instrumen- 
tation and software you need to solve even 
your most challenging test and measurement 
applications. To request your free copy, 
visit http:llwww.keithley.comlatl5l9 or call 
1^800-588-9238. 

Keithley Instruments, Inc. 

Cleveland, OH 44139 
Tel: 800-588-9238 
www.ke ithley. com 




BE! INDUSTRIAL ENCODERS 
FOR DUMMIES 

Specify and install encoders like a pro with this 
complimentary guide. Find out how encoders 
work, what makes a quality encoder, and what 
environmental and electrical concerns to assess 
before they become an issue in your system. 
Call 1-800-ENCODER or visit our website at 
www.beiied.com/dummies. 



Industjfial 
Encoders 
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TALES FROM THE CUBE 



BY GLEN CHENIER • CONSULTANT 



Finding clock glitches 




t was a dark and stormy night. It was dark because we had 
turned off all the lights in the lab as we anxiously studied 
the bright-blue-green glow of the oscilloscope, and it was 
stormy because our prototypes were not cooperating with 
our troubleshooting efforts, and the boss was getting antsy. 
(Note that "antsy" is an anagram of "nasty.") 
The previous Friday afternoon, all had been working great. 
Four of our brand-new babies were finally debugged, tucked 

insisted on periodically, randomly, 
and independently flipping bits- The 
following days of troubleshooting ef- 
forts concentrated on the analog op- 
tical links. Who ever heard of digital 
circuits giving this kind of trouble? 
Digital circuits either work, or they 
don't, right? 

After chasing down many blind al- 
leys, late one night we finally looked 
at the buffered-system clock and back- 
plane data on the scope — a Tektronix 



safely into their card slots, and obedi- 
ently passing error-free bits back and 
forth over the backplane and across the 
optical links. We went home with big 
smiles and plans for a weekend celebra- 
tion, thinking that the project was near 
completion. 

On Monday morning, the bit-er- 
ror counters had climbed to record 
numbers and were steadily increasing. 
All the optical-link SNRs (signal-to- 
noise ratios) were great, but each card 



dual-channel analog job with a nice, 
bright CRT screen. In the dark of the 
lab, one sharp-eyed colleague looked at 
the clock trace and said, "What's that?" 
A little smudge of light had appeared 
where none belonged. 

Cranking up the timebase and 
vertical scale to position the bright- 
est trace portions off screen (but still 
with a phosphor glow from reflected 
electrons), we were able to just discern 
the ghost of something that was not 

FINDING PROBLEMS 
LIKE THIS TOOK A LOT 
OF EFFORT AND PERSE- 
VERANCE, COMBINED 
WITH GOOD EYESIGHT 
AND A DARKENED LAB 
AT NIGHT 

right. Just after the clock's falling edge, 
we observed an occasional small pulse, 
made very faint by its infrequent occur- 
rence. Bingo! 

Today, a digital scope set to "runt 
trigger" or "infinite persistence" would 
have immediately found this problem, 
but analog scopes from back then did 
not have those features. Finding prob- 
lems like this took a lot of effort and 
perseverance, combined with good eye- 
sight and a darkened lab at night. 

It turned out that placing the card's 
backplane interface buffers 3 in. away 
from the connector formed stubs. As 
more and more of these cards loaded 
the parallel backplane bus, the prob- 
lem got worse. The backplane clock 
edges were ringing under the stub 
loading to the point at which the ring- 
ing occasionally passed the buffer's 
digital threshold and added an extra 
clock cycle. 

We respun the card, and it worked 
great. EDN 

Qlen Chenier is a former telecom 
engineer and is now a design con- 
sultant* You can reach him at glen@ 
teetertottertreestuff.com. hike Qlen, 
you can share your Tales from the 
Cube and receive $200* Contact edn* 
editor@reedbusiness ♦ com* 
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FOR SIGNAL & POWER INTEGRITY ANALYSIS 



ANSLATION 




High-performance systems demand concurrent chip/package/board 
integration. Only accurate electromagnetics coupled with advanced 
circuit simulation can reliably predict complex system interactions. 
Let Ansoft show you how to achieve first-pass system success 
in your next design. 



/NSOFT 




PSoC flexibility enables changes anytime: at concept, through 
production, in the field. Specifications change constantly. Yet 
pressures to differentiate, minimize costs, and speed time-to-market 
remain the same. To stay ahead of the curve, you need flexibility, 
prog ram mobility, and scalability. PSoC's unique programmable 
architecture delivers this and more. Futureproof your design; make 
PSoC your agent of change. 

PSoC delivers: 

■ The configurability of an FPGA, the mixed-signal integration 
of an ASIC, and the familiarity of an MCU. 

■ Reusable IP, compatible device families and variable 
resource options so you can optimize design efforts 
and accommodate changes. 

■ Two powerful development platforms: PSoC Express^^ Software for 
code-free visual embedded system design and PSoC Designer^^ 
Software for complete flexibility to write code. 



GET STARTED WITH PSoC NOW. 



Download our ''Change Happens'' White Paper 
and get 50% * off a PSoC development kit: 
cypress.com/go/changepaper 

Download free PSoC Express™ or PSoC Designer^" 
embedded software: cypress.com/go/changesoft 

Request free PSoC device samples: 
cypress.com/go/changechip 

Free online training: 
cypress.com/go/changetrain 

Purchase PSoC development tools: 
cypress.com/go/changetools 




PSoC includes programmable analog and digital blocks, a fast MCU, flash 
and SRAM memory, all in a compact package (as small as 3mm x 3mmj. 
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